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PREFACE. 


Of the Engravings, the Subjects a(e, 1. A very sioiple 
and perfectly safe Gun Lock, by Mr. Dodd. 2. The framing 
of a Field Gate with a considerable Accession of Strength, 
by Mr. Waistell. 3. A Compensation Curb for a Time 
Piece, by Mr. Scott. 5, 6. Plans and Sections of the Ba>- 
varian Salt Works. 7. Captain Brodie's Method of connect- 
ing Iron Bars, and coating them with Lead. 8. Mr. Rawlin* 
son’s Mill for grinding Colours. 9 . Apparatus for grinding 
Indigo and other dry Materials. 10. MethbJ of banking the 
Balance of a Time Piece, by Mr. Hardy. 1 1. A Pyrometfet 
for meafuring the Heat of a Furnace, by Mr. J. G. F. 
Schmidt. 12. A Portable Steam Engine, by Mr. Murray. 
13. Apparatus for making the Gaseous Oxide of Carbon, by 
Mr. Baruel. 14. A Topographical Plan by Mr. Churchman, 
in which the Elevations and Depressions of the Surface of 
the Earth, are by a new Method correctly delienated. 16. 
Mr. Gregory’s Apparatus for measuring the Power of Horfes. 
16. Tl^e American Borer. 17. Diagram illustrative of Optics, 
by Mr. Ezekiel Walker. 18. Mr. Sepping’s Blocks for 
supporting and suspending Ships. 19. Count Rumford’s 
Apparatus for illustrating his Experiments in Proof, that the 
greatest Density of Water is higher than the freezing Point. 

20. A Valve for Steam Engines, by the Chevalier Edelcratitz. 

21. Figures and Diagrams, by pdward Pigott, Eftp to illu- 
strate the Causes of Periodical Decrease in Diminution of 
Light, in a Star in Sobiefki’s Shield. 22. A Press for Botani- 
cal Specimensj by Mr. Hanison. 
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ARTICLE L 

Icttci Jrotn Ml. Thomas Reid, onthe Conftru^im of TitH* 
kuping Ma<htne$^ 

To Mr. NICHOLSON. 

SIR, 

Jn yoor in(erefling and ufeful Journal of December laR, I Comp^nfafibA 
Was glad to fee the impiovement ol compenlation pendulums {Urf^Edwa^d 
lor agronomical clocks, (o xcaloufly taken up by fuch an able Trvughton.* 
hand, as that of Mr. Edward Trougblon^• 

But an excellent clock of this fori becomes fo very valuable * 
and necellary an appendage in an obfeivatory, (o thofeaftrono* 
mical inflmroents with which he is fo happily engaged in daily 
confiiufling and improving; that he* aiufl more readily fee 
their advan^ge than even Ihofe whole bufinefs it is to make 
iucli cloc*ks. It Mr* Herthuud, a celebrated author on every Pivbahilit^ from 
part that regards the improvement of time-keeping machines, 

IS corre6t, it would a|>pear, that the ftjtjol wires of Mr/tba^d 
Troughton\ pendulum inuft be too ilender. Mr. Berlhoad, 1*®^®®^*^** 
b) hii eitperitnents, law, that there was a certain flrength of 
materials neceflary, in order to render the compenfation com- 
plete having found, that on the pendulum rods (if too fmall) 
being lengthened by heat, the contraflion by cold would not 
Vot. XL— May, lfK)5. *B bring 
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i ball again qc^up lo.the ]^laCG where it fet oat From 
le heat firfi applied, and this with a ball uf a 
weight; no doubt the weight of' the ball may bo 
fervient to' any fize of wires, , , 

Wr Mr. Troughton h^s attended to thefc circumflances^ 
not, but fufped from his propofing, yet, to make 
fort of pyrometriSai apparatus for the further proviiTg 
of\ his pendulums, that the complete compenfation has not 
been fully^^fcertained, only in fo f&r as regards the calcula- 
tion of the relative expaniions of *baifs and Heel. 

The improvement of clocks, and linie-keeping machines of 
ev^ry defcription, more particularly thof^deftined for aftrono- 
micat purpofes, is a fubjefl that has not a little engaged my 
time and attention. 

The pendulum There is a pendulum, having a wooden rod, the conflnic- 
a^^odcTrod^*' which is defcribed with great nealnefs, perfpicuity, 

examined. ^nd mechanical knowledge, by its author, (Mr. Ludlam, late 
an eminent profellbr at Cambridge) in his etfays, and recom- 
mended by him, uho was no mmnjud^e, as one of the be ft in 
.nlmoft every refpect, particularly in fo far. as regards the im- 
pul^ from the clock taking place through the middle line or 
cei^^ of the rod, to be thence communicated in the fame 
line 1,0 that of the ball, that hence no circumgyratory motion 
ftiodtcl' take place. Now, although the principle fat out with 
here, feeins completely adapted to prevent this fort of motion, 
it will be found on trial, as I did| that of all pendulums yet 
made, it is the moft liable to generate this very fort of motion. 
It IS liable to a The ball being the middle fruftum of a globe, a form whofe 
the ban round is much fpread out from the cenlre to the edge, and 

thr lod as an having a large hole, for the rod to pafs through; this taking 
•***• away much of the matter from the cenlre, tends much more 

than the lenticular foren* to produce the motion Mr. Ludlam 


SSiS 


The fci wlflied to avoid. Another great fault of this pendulum, is, 

•n 'b*' the crutch putting in fcrews through the wooden rod, to dip the 

do fidt preferve P^^t from the crutcb ; now in changes of weather from 
a couttant dif- *nioift to dry, or by heat and cold, thefe fcrews will accordingly 
be found, foroetim^s to pinch the flat part of the crutch, and 


at other times, to leave it at liberty, or even to ailow it to 


have a confiderable degree pf (hake between the ferew points : 
hence will arife very different degrees of impulfe communicat- 
ed to tlie pendulum ball. Wood has a very fenftble la- 


titu^inary 
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titadinary alteratioDi by«lhe Gffefls of heat arid cold, or 

dry and'hioift, yet thcie effects on Us length are, 

very imperceptibliii; or at leaU, are, in fo fmall a degree, as jiemure and 

have not been well afceriainedi to what extent ihey^e; even 

by thoCe wh6 have made experiments with it on the pyrometer. 

^ Mr. Berthoud condemns w*ood as being unfit for pendiitam The end eocpati* 
rods, and although he, and other* &ve given tables of the^^of wood 
expanilon ot various material*, yet none of them have con- 
deCccnded to fay, whatVere the 
wood of any fort* • 

I am well convinced, that a pendulum may be fo tip Wooden pen* 
with a wooden rodi as to perform with fiich a degree of cor- dulums fcem 
redlnefs, that it would be a very difficult matter to fay, whether 
it, or the befl compenfarioii pendulum yet conflruded, dulumt^ 
when both comparatively tried, was the neareft to accurate 
ineafuring of time. 

There has been one circumitance attending all thofe pen- oft^n tl] 
dulums fitted up with a wooden rod, that their’ errors have conftrufted, 
been imputed to the rod, when in fa£t, they ought lo\ '^,p 
been imputed to that of the ball, and thefe errors have aritSlf^ 
from the manner by which the ball is hung on the rod, refling 
on its lower edge on the regulating nut ; and lead having a 
coniiderable degree of expanfion, clocks having fueb pen* 
dulums have been found, by thofe who attended properly lo» 
their going, to have gone conflaiitly fafler in fummer than in 
winter. Let the ball therefore be hung by its centre on the 
rod, and a much greater degree of accuracy in time-keeping 
will be feen to follow. 

In confequence of my trials with Mr. Ludlam^s pendulums, iri,jjroVtfd ptn* 
they were found to be extremely troublefome to put on beat, dulutu. 
from their llrong tendency to this gyratory fort of motion, it 
being fome while, before they wodlii come to move fteadily ; 

1 Jiit not ,only on a method of putting a clock, as it were me- 
chanically on beat, (the common way being by the ear) but was 
led to think on a way of conUrudling a pendulum, in Which 
this gyratory motion could hardly take platir, even althottgli 
the pendulum fliould be but indifferently fitted up. This laft 
was by following a method c(uite the reverfe to that of Mr. 

Ludlam’s, in making the pendqlum ball, which I made in the 
ufual or lenticular form, and in order that it (liould have as 
much of Its matter pteferved at the centre, there w^re t%vo 
. flee I 
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■fleel wires put tlwroug^^ ball, paflipg parallel to each other, 
and .each pul a Uttleto one fide of the centre, ’through which 
pendulum rods are ufually made to pafs, and when the rod is 
wood, ti neceiFarily takes away much of tiie matter from the 
centre of the ball. 

A pendulum of this' fori of mine, ,and which has a degree^ 
of compenfation in it, l%Rde to a clock, which my brother 
got, and which he haaa^ his houfe. No. 31, Rofamon Street, 
Clerkenwell.^ 

1 menths^iied this mode of puttihgeclocks mechanically on 
beat, ^ to m)^ingenfQriis friend, Mr. Pennii^toni .who has iince 
very happily applied the fame fuccefsfally'^in bis pra6tice to 
watches, &c. 

I fee you have mentioned in your Journal of July lafi, the 
application of a pendulum to regulate the firiking part of clocks, 
from the Society for encouraging Arts, &c. having given a 
ppemium for it to Mr. Mafly, 

This is not a new thing* Mr. Berthoud mentions it as his 
invention, and you will lee a drawing, and the defcriplion of 
it, InhifiEjfaiJur I'HorbgcriCf publiflied in 1763 . Julien Le 
Roy, in my humble opinion, is certainly intilled to the merit 
of it, as it appears to me, that Berthoud has taken the idea of 
it from Le Roy’s method of regulating (he firiking train of his 
repeating watches, which he mveriied, and applied to them 
about the year 1754 . 

There was a. premium given alforin 1799, by the honour* 
able fociety above mentioned, for a new Tcapement by Mr. 
Goodrich * ; now this Tcapement was made prior to the year 

1740, and invented by the Abb6 Soumille; and another nearly 
of the fame fort was made at Rome before that period, as may 
be feen in the colledban publifhed by Thiout, in tite yCar 

1741. Surety nobody wg>ft]d think of adopting fuch a Tcape- 
meiit as this, whofe principle feems to be that of depriving 
the pendulum of the moft valuable property it poflefles, viz, 
tJiiat of having the liberty to operate freely under the intluence 
of* gravitation'* Tliis ’fcapement keeping the pendulum, as 
it were in leading Rrings* 

I Urn furprifed that none of the members of this honour- 
able and ufeful fociety, flioukl not have known, that theiis 

t Sec Philof, Journal, quarto fcrics, HI* 342, 416. It is 
crank*— N. 
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^itigs for which premiuias have been adjudged virere not new^ 
perhaps they were neverthelefs Jb, to ihofe to whom the pre- 
mi ii m s were adj udg^ci • 

A roong Thioui's collef^ion may be feejn a ^fcapementf which 
he gives to the ingenious Dutertre^ about the year 1724. * «>»«»»• 

JPeter Le Roy gave into the Royal Academy of Arts and 
Sciences in the year 1727* a defci^l^ion the fame 'fcape- 
inent which Dutertre claimed* or pri^ehded to fay , was- his 
invention. The midalce^lays with Tbioot, *fcw( >Potertre's 
^ilcapement is an improvement of a ^ry old one, it! fed by the 
Germans in large cjpcks, perhaps long IseYore the year J 600, 
tliough neither the author of it* nor the time can now 
be traced, • 

However it was before Dr. Hodk*s time* who invented one 
of the lame kind before 1658. I would hot have entered fo 
minutely into this difcuilion, but to thow the progrefs of the 
duplex, which in its prefent form, was (irfl madefo by Peter leading to the . 
Le Roy, who afterwards gave It up for a bad one; yet it 
to be alto wed that that of Diitertre's mufl have led him very vrls fn ft made 
cafily to it. So much for the duplex ^fcapement, fo called by hy Peter LcRpy# 
the workmen, and now in fuch general ufe. • A celebrated 
Fliilofopher in the fupplement to the Edinburgh Encyclopedia, 
under the article watch work, has given it a French furname, / 
that of Duplcix, for what reafon, I know not. ' 

Thiout has given all'o among the number, a Tcapement of The origin of 
his own* a fort of detached one, and which may be condder- Jetadied^Vtapo- 
ed as the foundation of the detached one of the prefent day, ment aferfted t» 
now fo much improved* and of fuch general ule in all our Thiout. 
pocket and box chronometers : indeed it Teems a icapement 
indifpenfably necelTary for thefe purpofes. Yet Berthoud in 
his fuiifous time-keeper. No. 8, ufed a very different one ■ 
from that of the delaciied fot t. * • ’ 

• t I am. 

Sir, with much eAecm, Your's, 

THOMAS REID. 


Edinburgh, 25th March, 1805. 
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An Analyfis of the Magnetical Pyrites; with Retnarh nn fmt oj 
the other Sulphurett of hon^ By Charlrs Hatchett, 
/ ^ Efq» p. R. S* From the Fhllofophical TraryaSioni>for IdO^* 

(Concliided from page 176.) 
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$ VII. - 

So far, tfiicrerore, as can bo proved by (imilarity In chemical 
properties and analyfis, the magnelical py twites is indifputablj 
a natural fulpburet, completely the fame with that which till 
now has been only known as an artificial product ; but, that 
the mind may be perfeflly fAlisfied, another qucHion muft be 
foivcd, namely, how far do they accord in leceiving and re- 
taining the property of magnetifm? common p) rites do not 
appear toaffcdl the magnetic needle, or, il fomeof them Highlly 
a6l by attradlion, (wliich however I never could perceive, ndr 
recollefl to have read in works exprefd) relating to magnetifm,) 
yet they do not poflefs, nor appear capable of acquit ing, any 
magnetic polarity* As, ihereiore, the iron of pyrites is un-* 
doubledly in the metallic (late, and in a confidcrable proportion, 
the deftru£lion of this charafleriftic properly of metallic it on, 
'l.nuft be aferibed to the other ingredient, fulphur. 

But we have lately feen, that ^ natural combination of iion 
with 3 G.,'jO or 37 per cent, of fulphui, is in poncllion of all the 
properties (uppoled hitherto to appertain (in any marked degree) 
almofl cxclufively (o the well known magnetic iron ore; and 
that the combination alluded to is flri6l1y chemical, and not (as 
at firft might have been imagined) a mixtuie of particles of 
magnetic iron ore with common pynte.s * 

This is certainly very r^naik able; and it induced me to exa- 
mine the effedls produced by fulphur, on the capacity of me- 
tallic iron for receiving and retaining the magnetic properties. 
I theiefore prepared fome fuIphuretoF iron, by adding a large 
quantity of fulphur to ^ne iron wire, in a moderate red beat. 


* This has been ri}£Scicntly proved, by the fa^s which have been 
dated; I (]iall however add, that^upon digetling a mixture of the 
powder of common pyrites and iron filings in muriatic atid, 1 only 
obtained hydrogen gas, exa^y as if 1 had employed the iron filings 
• withept the pyrites. 
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The internal colour i^nd luflre of Ih^produfit were hot very reftjnWeji com-* 
unlike thofe of the inagnetical pyrites; and, after the maft 
had been placed during a few hours between magnelical barsi of magnecifm; 

I found that it podefled fo flrong a degree of polarity, as to 
attract or repel the needle completely round upon its pivot; 
arid although feveral .weeks have elapfed fioce it has been re- 
nioved from the inagnetical bars, iL^dill retains its poweri with 
little diminution ; like the magnetieal pyrites, however, in 
its natural dale, it is hot fufficiently powerful (Ovatlradaud 
take up iron filings. • * r- . 

But this fulphur^t did not contain fo mucli fnlphur as, the It contained 
inagnetical pyrites; I therefore mixed fotne of it, reduced to 
powder, with a large quantity of fulphur, and fubjedted it to pyrites. More 
diftillation in a retort, which was at length heated until Ibe 
iiilire bulb became red. 

The fulphurel, by this operation, had aflumed very mud) Itwasattraftable 
the appeaiance of the powder of common pyrites, in r<*fpefll I ® ' 

to colour; but, in its chemical properties, luch as folubility in 
muriatic acid^ with the production of fulphurelled hydrogen 
gas, as well as in the nature ol the precipitates it afforded with 
prufliate of potaili and with ammoniat it perfedly refembled 
the magnetical pyrites* Moreover, by analyiis, it was found 
to cunfifi of 3^ parts of fulphur, and G5 of iron ; and although 
(being in a pulverulent Itate) its power, as to receiving aru^ 
retaining the magnetic property, could not i'o eafily be exarnin* 
ed, yet, by being powerfully attracted by the magnet, with 
fome other circum fiances,, there wa.s every real on to conclude, 
that in this refped alfo ft was not inferior. 

Another proportion of fulphurel was formed, as above de- 
feribed; it was placed between inagnetical bars,, and, in like 
manner, received and retained the magnetic power. j 

It is certain, therefore, that wh^i^a quantity of fulphur equal Hence 36 or 37 
|o 35 37 per cent, is combined with iron, it not only does not prevemTron 

prevent the iron from receiving the magnetic fluid, but enables from becoming a 
it to retain it, fd that the mafs ads in every refpeft as a per- 
manent magnet. 

Black oxide of iron, by one operatton, does not appear td Black oxide of 
combine with fulphur fo readily as iron' filings; a fecond opera- 
tion, however, converts it iqto a fulphureti very {nuch re- readily, 
iembling'that which has juft been deferibed, including the * 

chemical 
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chemical as well as thriBa|;netIca1 properties; but|. undoubted* 
ly» by thefe proceflfes^ ills, proj^reflively converted^ perlcSly 
or very nearly, Julio the metallic ftate. 

Iron combined with a larger proportion of oxygen, (iich as. 
jtho fine gray fpecular iron from Sweden, will not form a fioK^ 
pbofet by Ihe dired application of fulphur, in one operatiooi^ 
although it becomes of a Sark brawn colour, partly irtdefcent, 
and is moderately attraded by a magnet. 

Mignetical Fifty grains of^ the^nagnetical pyritds, reduced to powder, 
pombined j mixed .with three times the weight />frulpbur, were ditlilled 
i^aclfal^ttry in a r^rt, until the bulb became modert^tely red^bot^ After 
tbe diftiilation, the pyrites weighed 54.50; confe<|ueiitfy, the 
addition of fulphur wasdprr cenL making the total = 45.50 or 
. 46 per cerU* Tbe powder was become green iQi-yellowi .very 

like that of the common py.rites: it did nor afford any fulpbu- 
retted hydrogen, when digefied in muriatic acid ; but it never* 
tbelefs was partially di^plved, and thefolution, when examined 
by prufTiate of potafii, and by ammonia, was not difi'erent from 
that of the crude magnetical pyrites. 

The powder which had been diflillcd with fulphur, and 
which had thus received an addition of 9 per cent, to its original 
quantity, xvas fiUl capable qf' being compkidlp taken vp bp a 


5 * pfrcfMt. 


*Mwai ftitl st* 
tra^^ by tbs 
magnet. 


Iron c«sfr?fer From the whole of the experiments which have been related, 

a^ed OD by the it is therefore evident, that iron, when combined with a confi- 
dofc*oV proportion of fulphur, is not only ftlll capable of receiv* 

U «t fevne point ing the magnetic property, but is adfo thereby enabled to retain 
between 46 and ^nd thus (as I have already remarVbd) becomes a complete 
magnet ; and it is not a little curious, that iron combined (as 
above fluted) with 45 or 46 per cent, of fulphur, is capable of 
being taken up by a magnet, whilft iron combined wiilP52ptr 
cent, or more, of fulphur, (^though likewife in the metallic (late,) 
does not feniibly a(fe£| the magnetic needle; and heng^e, fmaitl 
as the difference may appear,- there is reafbn to conclude, that 
tbe capacity of iron for magnetic aSipn is deffroyed by a 
certain proportion of fulphur, the effedts of which, although little 
*ilF at aH fenfible at 46 /kr cent, are yet nearly or quite abfblule, 
in this deffrudion of magnetic influence, before it amounts to 
52. But, what the exadt intq^'mediate proportion of fulphur 
may be, which it adequate to produce this effect, 1 liave not as 
yet determined by aCtoal experiment, 

‘ - Aa. 
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*As carbon R6ks on foft jron, (whicte il&b<ittgh .U 
receives the magnetic influence, is unable t!b 'retain it fo as to it, ^Ang it to 
• become a magnet, Without the addition of i-certain {Proportion msgnet- 
.;of carbon, by which it is rendered hard and brillle, dr, in other * 

^ords, is converted into fteel, fo, in like manner, does fulphut 
to a6t; for it has been proved, by the preceding experi* 
moots* that the brittle mafs formed Iby the omonoF a certain 
proportion of this fubflance with iron, svhetber nature or by 
art, becomes capable of retainii^ the lialIgBkfo vif^^ andtrf 
a&ing as a complete magnet. 

This remarkable coincidence, in foe eflWts produced do iron -^n4 fo like* 
by carbon and fulphur, induced me to 'try the efledts of 
phofus; and my hope of fuccefs was inor^fed by the remark' 
of Mr. Pelletier, who fays, that ** the pliofpliuret of iron is 
attradled by the magnet;*^ ^ and therefore, althoiagh certain 
bodies may be thus atlradled, without being capable of actually 
becoming permanent noagnets, I vvas defirous to examine What 
might be the power, in this rerpe6l, of phofphuret of iron. 

I therelore prepared a quantity of pliofpliuret of iron, tn the Experiment, 
diredl way, viz, by adding phofphoriis, cut into fmall pieces, 
fine iron wire made moderately red-hot in a crucible. The ufual 
phenomena took place, fuch as the brilliant white flame, and the 
rapid melting of the iron, which, when cold, was while, wfth a 
flriated grain, extremely brittle, bard, and completely co«verl-"2 
cd into a phofphuret. The fragments of this were powerfully 
attra^ed by a magnet; aiid,>^afier I had placed two or three of 
the largefi pieces, during a foyv hours, between magnetical bars, ^ 

Tbad the pleafure (o find that thefe had become powerful— and by the 
magnets, which not only attracted or repelled ihenCedle 
pletely round, but were able to take up iron filings, ‘and fmall 
pieces, ^boot half an inch in length, of fine barpficbord wirej 
and, although they have now been«>remoyed from fob mag- 
ntslical bnrs mtire than three weeks, I cafniot dlfcover any di- 
minution of the power whicii had thus been communicated to 
them. 

The three inflammable fubftances, cflrbon, JUlpftur, arid.. 
phofphorus, which, by their chemical e^£ts on iron, in many 
rel'pe^ts refemble each other, have now, therefore been proved 

• 

* “ Le Phofpliure de Fer eft attirable a rahnant'’ Anoalea de 
Cbimic, Tome XIU. p. 114. 


. alitft ' 
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alike to podefs Iho p'Niperty of enabling iron (o retain the 
power of magnetrfmj but 1- iliall coniider this more fully in 
the following fedioni 


§ VIIL 

From the whole which has been ftated we find, , 

General rcfults. 1* That the fubfiance called magnelical pyrites, which has 
MagMOc^yriicsijiiti^PlQ found only in SaEOtiy and a few other places 
luinerali ^ Bxitifo mineral, and tJiat, in Caeniarvonlhiret it for~ 

vein of coi)fiderable extent, breadtl),*^and depth. 

-containing «That the component ingredients it are fofphur and 

^ut 37 fulphur naelallic iron; the fornier being in the proportion of 36.50^ 
3 iron. latter about 63.50 or 63. 

It differs in its 3. That the chemical and ollw properties of this fubfiance 
piopeities from are very different' from thofe of the common martial pyrites, 
whichTonuinr however arealfocompofed of fulphur ai>d iron, varying 

laore fulphur. in proportion, from 52. 15 to 54-. .34 of (ulphur, and from 47.85 
to 45.66 of metallic iron ; the difference between the cotnnion 
pyrites which were examined being therefore 2. 19, and the mean 
proportions amounting to 53.24 of fulphur, and 46.75 of iron; 
confequenllyftho difference between the relative prcm^irtions, in 
the compofition of the magnetical pyrites and of the common 
pyrites, is nearly 16.74, or 16.24. 

4. That, as (he magnetical pyrites agrees in analytical refults, 
the fame as the as well as in all chemical and other properties, with that fuU 
phuiieu' phuret of iron which hitherto h^s been only kno\vn as an 
r artificial product, there is no doubt but that it is identically the 

fame; and we may conclude, that its proportions aremoff pro* 
bably fubjedled to a certain law, (as Mr, Pioufl: has obfefved 
in the cafe of'the artificial fulphuret,) which law, under certain 
circumffances, and efpecially during the natural forri^aiion of 
this fubffance in the humkid way, may be fuppuied to a6l in an 
almoff invariable manner. , c « 

In common py- formation of common martial pyrites, there 

rito the fulphur is a deviation from this law, and that fulphur becomes thepre- 
predommatcj. ingredient, which is variable inquantity, but vi‘hicji,by 

the prcfeiU experiments, has not been found to exceed 54 34 per 
cent, a proportion, however, that poflibly may be furpaffed in 
other pyiiles, which have iM)t as yet been chemically ex* 
' nwined. 


6. Thut 
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6. That iroh, when •combined naferaKy or artificially with 

36.50 or 37 ot’ fulphur, is not only ftill capable of receiving the pyrites?^*' 
agnelic fluids but is alCo rendered capable of retaining it, fo as 
become in ei^ery refpe£l a permanent magnet; and the fame 
^ay, in a great meafure, be inferred refpedling iron which has 
n artificially combined with 45.50 per cent, of fulphur. 

7, That beyond this proportion of 43,50or iSperccni. *»«- 

fulphur^ (rn the naturaj common pyrites,) all fufeeptibility of 
O^pinagnetic influence appears to be defiroyed; andi although ence i» loft* . 

precife proportion ti hich is capld>te of producing this ef- 
has i)ot yet be^n determined by< afittal exj^erimenU it is 
^certain that the limjts)are between 45.50 and 52. 1 5 ; unlefs fome 
unknown alteration has taken place in the date of the fulphur^ 
or of the iron in the common martial pyrites, 

' 8. That, as carbon, when combined in a certain proportion As carbon ren- 

with iron, (forndng fieci,) enables it to become a 

magnet, and as a certain proportion of fulphur communicates ifm, To alfo 4o 
the fame quality to Iron, fo alfo w»cre found to be the effefls 
phofphorus; for the phofpburet of iron, in this refpeft, was by^ 
much the moft powe(/til, at lead when confidered compara* 
lively with fulphurctof iron. 

9. And laftly, that as carbon, fulphur, and phofphorus, pro- Conclufion. 
duce, by their union with iron, many chemical elFcdls of much 
firnilarily, fo do each of them, when combined with that metal ' 
in certain proportions, not only permit it to receive, but alfo 
give it the peculiar power df retaining, the magnetical proper- 
ties; and thus, henceforth, in addition to that carburet of iron 
•called fteel, certain fiilphurets and pliofphurets of iron may be 
regarded as bodies peculitirly fufeeptibic of ftrong magnetical 
impregnation, 

Ha^ng thus, for the greater perfpicuity, reduced the princi- 
pal fa6ls of this Paper into a conciro* order, I thall now make 
fi)me general obfervations. 

It is undoubtedly not a little lingular, that a fubflance likcRcmaiks. 

the magnetical pyrites, which, although not common, has been magnetical 
■ 1 • 1 -n It I • • pyr*^®** »* anin- 

Jong known to mineralogifls, fhould not hitherto have beeivjcrcftingprodua, 

chemically examined, efpecially asmineralogical authors have 

mentioned the analyfis of it as a defideratum. The refult of 

(his w'hicli 1 have attempted, proves that it is really deferving 

ot notice; for thus we have afcertainetl, that the fulphuret of 

ifon iiithertu known only as an artificial product, is alfo formed 



M&. HATCHETT ON MAGNETICAL TVHITBs; 

by nature; and th^ the compolition pf this Ia(^« agrees with 
Ihofe proportions .of tlie arliftcial fulphuret which have, been 
4fated by Mr* Prouft# 

Ko intermediate Bst» from this fuIphuret or magnetica! pyrites, I have not, by 
natural aiialylis, as yet been able to difcovcr any regular or 

common and the. coihmoo pyrile.s; for the leaft proportian dST; 

nac* pyrites. fulpbur in Ibefe amounted to 52. 1 5^ and the greateff proportion 
to 54.!34; ib Ibatt. between the magnetical and the crimmon 
pyrites, ihedifTerenqeis coniiderable, ih the proportions ofllieir 
component. fubAance^i^ as well as in their phyiical and chemical 
proper! ies • whilll the dif&rance which I h%ve hitherto been abl# 
to deled it) the proportions oC feme of the common pyrites 
(very ditTiroilar in hgop, luflre, colour, und hardnefs,) has 
only amounted to 2<I9. 

HeiRsrhion Mr. Prouft, in ^ genml way, considers common pyrites to 
Pm4ft*s eaperi- differ from the firft futphureti or that compofed of 60 parts of 
fulphur and 100 of iron, ( 5 = 37.50 per crwt.J by containing a 
hiriher addition of half the abr>ve quantity of rulphiif, or 90 
parts of fulphur and 100 of iron, {=z ^7 .36 per cent.) but this 
opinion he appears to have formed, in confequence of rcfults 
obtained by fynthetical experiments made in the dry way.— 
Now, when we conhder howdinicult it is to regulate the high 
degrees of temperature^ and what a numerous chain of aitera- 
^ lions in the relative order of affinities mod commonly rcfult 
from alterations in thefe degrees of heat, it feems to me that 
we cannot rely, with abfolule certainty, on fynthetical experi- ' 
nients made in the above way, unfefs (hey are corrededy and 
contrafled with analytical experiments made on the fame ftib- 
dances. But it docs not appear, from the two memoirs pub- 
liflied by Mr. Proud, to which 1 have fo frequently alluded, 
that that gentleman did more; in refped to analyfis, then diftil 
the cubic and dodecaedraj pyrites found near Soria, from which 
he obtained about 20 percent, of fulphur; and, having ot* 
ferved that the redduum poflcired the properties of the fulphu- 
ret which has been commonly prepared in laboratories, be con- 
cluded that the fulphur obtained from the pyrites, is the excefs 
that proportion which is requidte to form the fulphuret, the 
proportions of which, therefore, he by fynlhefis afcertaiNed to 
be, asl have above dated, =*37,50 of fulphur, and 62.50 of 
iron, or 60 of fulphur combined with JOOof iron; and ladly, 
having formed 3 1 8 grains of this fulphuret from 200 grains of 

• ko».. 



Mlb^^ fTATCHEtT ON MAGNttlO^AL PYltlTAS. }j| 

iron filings he diflilled tihe felphuretifnth'moddiiroiial quan« 
itty of fuifihus in an inferior degree of, heat, and obtained 
378 grains of a fubflance which, excepting denfityi was fimi« 

' (ar to the common martial p}ritcs.* 

, Ic is however to be regretted, that Mr, Prouft did not make He 
regolar analyfis of the pyrites of ^ria, and of thereddunm 2g*|^*'****^ 
after di (! illation ; for faniefs (hefe p^ites are very different from 
thofe vi»hich T liave examined) ho woOld moft probably have 
found the proportion of fulphnr greater tiuirt that whicdi he has 
affigned to natural pyriteS in general. This at leafi Ih^ is great 
realbn to fuppoie^ if we allow that ntefi or all of the pyrites 
have been formed in the humid way, by which, we may con- 
ceive, a larger proportion of fulphur may be introduced into 
the compound, than can take place in high degrees bf tem- 
perature. And this opinion is corroborated by the refults of 
my analyfesj for, inllead of finding the general proportions to 
be 47.36’ o£ liilphur and 52.64 of iron, the mean refult of ihefe 
• analvfes is very nearly the reverfe, being 53.21' of fulphur and 
46.76 of iron. 

Mr, Proud isalfd of opinion, that (he pyrites whicli contain Prouft appre- 
the fmallcfi quantity of fulphur, are thofe whiph aremod liable 
to vitriolization ; and, on the contrary, that thofe which contain lead fulphur arc 
the larged proportion, are the lead affected by the air or 
weather. t This opinion of the learned profelTori by no means 
accords.with fuch obfervations as 1 have been able to make ; for 
the cubic, dodecaedral, and other regularly crydullized pyrites, 
are liable to oxidizement, fii as to become what are called 
hepatic iron ores, but not to vilrioli^Hon; whild the radiated 
pyrites (at lead thofe of this country) arc by much the moft 
ftibjedt to the Jailer effect; and therefore, as the rjefults of the 
precedi iTg analyfcs fliow that the c^ftalliz^d pyrites contain 
tefs fulphur than the radiated pyritift, I might be induced to 
adbpt the^contrary opinion. But I am inclined to attribute the 
effect of vitrioliza^ion obferved in foine of the pyrites, not fo 
much to the proportion, as to (he date of the fulphui in the 
compound; for I much fufped, lliata ptecUrpofilion to sritrio- 9?^ th'-i Jlfpo* 
lization, in Ihefe pyrites, is produced bya fmall portion ofoxygen jJiWy 

being (frevioufly combined with a part, or with the general inafs, a comwcncc- 

meat of oxidA- 

* Journal de ?hyfique^ Tome LIV. p. 92. * 

t Journal di. Fbjfique^ TomeLIIl- p« 94; 

5 • * .of 
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of (be fulphur, al the iiove of the original formation of tbefe 
fubftances, lo lhat llte (late of the fuJphur isi tending to that of 
oxide, and thu& the aOceffion of a farther addition of oxygen 
becomes facilitated. We have an example of (imilar effects in 
phofphorus, when (as is commonly faid) it is half burned^ fxft 
the purpofe of preparing the phofpborus bottles •, and the pro^ 
penfity to vilriolization, obferved in many of the half-roafted 
fiilphureous or»» appears to me to arife from- this caufe, rather 
than from the mere diminofionH-of the original proportion of 
fulphur, or the adual immediate conVeifion of part of it into 
fulphjjricac!il ; neverthelefs I oder thisiopinion, at prefent^ 
only as a probable conjecture, which may ba inveftigated by 
. future experiments and obfervations. 

The magnctical I’he *magnelical properties of the fulphuret of iron which 
forms the principal fubjeCl of this Paper, mud be regarded as a 
lemarkable remarkable faCl ; for I have not found, in the various publica*- 
tions on magnclifm which I have had the means of confulting^ 
even the mod remote hint, that iron when combined with ful- 
phur; is podefTcd of the power of receiving and retaining the 
magnetic fluid ; and, judging by the properties of common 
pyrites, we might have fuppofed that fulpjiur annihilated this 
power in iron, as indeed fecnis to have been the opinion of 
mineralogids, who have never enumerated magnetical attrac- 
tion amongd the phyfical properties of thofe bodies ; and, 
although Werner, Widenmann, Emmerling, and Br^^chant, 
(ittlc or fcarcely have arranged the magnetical pyrites with the fulphurets of 
noticf'J. jj-Qn, yet the magnetical property could not with certainty be 
dated as inherent in the fulphuret, for, at that time, this fub- 
dance had not been fubjeCled to a regular chemical analyds, 
and the magnetical property might therefore be fiifpeCled to 
arife from inierfperfed particles of the common roagnetfeal iron 
ore. This probably has been the opinion of the Abb^ Hady ; 
for, in his extend veTreatife on Mineralogy lately publiflied,^T 
cannot find any mention made of the magnetical pyrites, either 
amongd the fulpburets or amongd the other ores of iron. 

The magnet fai^ * In the mineral kingdom, a great variety of fubdances, and 

®2tert a /eeble degree of ^ttra^ion on 
exigen* (be magnetic needle, and fometimes alfo acquire a (light degree 

of polarity ; * but, as this wonderful property has only been 

Cavallo on Mag^rtidni page 73. 


obferrei^ 
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obferved cqir^rpicuoufl y p#werfal in one^ecies of iron orOj, 
lias been ndways emphatically caled ilte Magnet,* and is faid 
to coniill of metallic iron combined with from 10 to 20 per 
oxygen. 

From the faft’i, however, which have been recently dated, The^f^phurct 
jjwenow find (hat there is another natural fubdance, apparently 
very diflerent from the magnet tn*^pmical compoiilton, but 
neverthflefs approaching very nearly to it in power, which is 
found in feveral parts of our gtpbe, and particularly in a pro- 
vince of this kingdom, where it coidlUaCes a vein;' running 
north andfouth, of coniiderable e^a(, and fev^l yards in 
width and thicknefs. 

From the ‘experiments alfo, which have been made on the The pHofpKuret 
artiticiai, preparation of this fuhdance, wednd, that U is capable 
of receiving llie magnetic properties when the proportion of 
fuiphur amounts to 31 per cent, and Is dill powerfully attrafled 
when a much larger quantity of fuiphur is prefeut. There 
is, however, feme point at which all thefe efFedls ceafe, and 
this point appears to be, when the fuiphur is in fome proportion 
between ^5 or 46 and d2 per cent. The preceding experiments 
have alfo proved, that iron when combined wilh pborpborm?, 
likewife ponfelfes the power of becoming a magnet to a very 
remarkable degree; and, by the dmilarity, in this refpedl, of the 
carburet of iron called deel, to the above fulphurel and phof- 
phuret, a very remarkable analogy is eUabliHied between the 
effeds produced on iron, by carbon, fuiphur, and phofpho- 
rus. 

Carbon, when combined in a very large proportion with iron, of carburets, 
forms the carburet of that metal called plumbago; a brittle 
fubdance, infoluble in muriatic acid, and deditute of tnagne- ^tiier fteel com- 
tical properties. But, fmaller proportions of carbon, with the form pow- 
fame metal, conditute the various cavburets included.between*^^**^ 
bl'hck cad iron and foft cad deel;t bodies which are more or 

lefs 

In a future Paper, it is my intention to give an account of 
fome comparative analyfes of the varieties ^f this lubftance. h. 

+ •• When the carbon exceeds, the compound is carburet of lion 
or phimbago: when the iron exceeds, the compound is ficel, or 
cad iron, in various dates, acoarding to the proportion. Ail 
** thefe compounds may be confidered as fubcarburets of iron.’'— 

Thoipfoirs Sydein of Chemidry, Vol. I. p. l0'i>. 


Mr. 
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kfs brittle, foluble in mnmtic acid> and more or le(^ fufceptihle 
of tnagnetical impregnation { feme of them form the moll 
powerful magnets .bitberto difeovered. 

Sulphur, in like manner, combines with iron in a large prO'^ 
portion, forming the common pyrites, which are brittle, almofl 
or quite inibluble in muriatic acid, and devoid of magnetical* 
properties. Sulphur in Tfhaller , proportions, forms fulphurets 
which are alio brittle, but are foluble in murialic acid, and 
Arongly fufceptible of magneti^^l nnpregnation. 

Phofphorus alfo, when combined vfith iron, makes It brittle, 
and enables it powerfully to receive andjretain the magnetical 
properties; fo that, confidering the great limilarity which pre- 
vails in other refpefts, it may not feem raili to conclude, that 
phofphorus (like carbon and fulphur,) when combined witli 
iron in a very large proportion, may form a fubflance incapable 
of beaming magnetical, although, in fmaller proportion, (as 
we have teen,) it conllitutes compounds which are not only 
capable of receiving, but alfo of retaining, the magnetical pro- 
perties, even fo far as, in fome cafes, to feem likely to form 
magnets of great power ; and, fpeaking generally of the car- 
burets, fulphurets, and phofphuretsof iron, 1 have no doubt but 
that, by 'accurate experiments, we (hall find that a certain pro- 
portion of the ingredients of each, conHilutes a maximum in tiie 
magnetical power of tbefe three bodies. When this maximum 
has been af'certained, it would be proper to compare the relative 
magnetical power of ileel (which hitherto has alone been em- 

Mr. Muilier, in the following Table, exhibits the proportion of 
charcoal which di(:«ppeared, during the converfion of iron to the 
different varieties of fubcarburet known in commerce. 


** Charcoal abforbed. 

Refult. 

i 

TSU 

• - Soft caft fleeh 

TOT# 

- Common call fteel. 

1 

]yo 

• The fame, but harder. 

- • 

- The fame, tod hard for drawing. 

; 

- White caA iron. 


- Mottled caA iron. 

TT " 

- Black caA iron. , 


” When the carbon amounts to about of the whole mafs, the 
hardnefs is at the maximum.” Thoinfon, Vol. I. p. 166; and 
Phil. Magazine, Vol. XIII. pp. 142 and 14S. 
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t^loyed to form artificial magnets) with that of fulphuret and 
phofphureC of iron; eacl) being firft examined in the form of a 
fingle mafs or bar of equal weight, and afterwards in the (late 
of cfoinpound magnets, formed like the large horfe-fhoc mag- 
nets, by^the feparatc arrangement of equal number of bars 
**of the. fame fubfiance in a box of 

.The efiR'6ls of tiie above compound magnets fliould then be An extenflve 
tried againft others, compofed of bars of the three different 
iiibftances, various in njirAber, and in the mode of .arrange- and imporunec.* 
nient; and, lafily, it would be inlerefiin^ to make a feries of 
experiments on cheraicat compounds, formed by uniting differ- 
ent proportions of carbon, fulphur, and phofphorus, w ith one 
and the fame mafs of iron. Thefe quadruple compounds, 
which, according to the modern chemical nomenclature, may 
be called carburo-fulphuro phofphurcts, or phofphuro-fulphqro- 
carburets, &c. of iron, are as yet unknown as to their chemi- 
cal properties, and may alfo, by the invefiigation of their raag- 
netical properties, afford fonie curious refults. At any rate, 
an unexplored field of extend ve refearch appears to be opened, 
which pofTibly may furnifli important additions to thehiftory of 
magnciifm, a branch of fcience which of late years has been 
but little augmented, and which} amidff the prefent rapid pro- 
grefs of human knowledge, remains immerfed in condderable 
obfeurity. 


III. 

Rxlradtvf a Mtynoir qf Mr^ Erman, enliUed Ohfirvations and 
^ Doubla concerning Aimnfpheric Elc6lricity^ 

(Concluded from p. 300}«Vol. X.) 

An eledlromcter furnilhed with a rod three feet in length. Two cleAromc- 
and placed in the Open air, docs not flicwany divergence; but 
when the bent point of another electrometer, which alfo e»- mergence alone, 
hibils no divergence, is moved above ih5 firff, and even when 

1 ■ • 11 1 II- II /• 1 1 palled 

the motion is parallel to the horizon, the leaves of the latter above ihe other* 
will be feen to diverge negativ^y, without the fecond giving 
ciny fign of»ele£lricity. 

ft is very probable that the effe6l of thefe vapourous and This effcA pro- 
aque*»us meteorological maffes is manifefied at the points of **'^*J^g 
VpL, XL— May, 1805, C elc(ilromeler, 
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elecirometer, by this fame action, whidi depends on the divlfjon 
of the eledlncily, and this explains the fudden changes which 
fiipcrvene In the podtive or negative ele6lric dale of the earth : " 
it is not even probable that the clouds poirels in themfelves a 
negative ekdlricity, or that the vapours of water iliould be 
Thcp'^fitlv- or always in this flate. Mr. Erman thinks he can prove that ihe. 

iKfijativi* vapours of water are only^negative when the body from which 
aqueous vapour • ' ,/ o - ^ • r 

depends on in* they proceed is infulated; but that tbe;^ become politive as toon 

fitUtioa. 35 I5 brought intocontadt with the earth. Rain, after its fallj 
leaves bodies in the ilaleof minus eledH icily, which is agreeable 
to the preceding expenpents ; fnow paoduces this etfedl fo 
much the belter, as it leaves the furrounding air in a date of 
drynefs, which augments its infulating properties. 

Influence of the The clouds which have a tendency to rain or fnow mud ne- 
ceflarily produce their influence on the ground, and it is for this 
reafon that the oppofitiou of the cloud and the ground is fo 
quickly manifeded. It would be interetiing to explain the 
complication arifing from the variations which the eledricily 
of the eaith undergoes, as well with refpedt to its Ipecies 
as to its intcnlity, and Mr. Erman is at prelent engaged in this 
fubjedl. 

With refpccl to the variable degree of the pofitive divergence 
of an infuldled point fixed in the earth, it may pcriiaps be at- 
tributed to the greater or lefs conducting cjuality of the fur- 
rounding air ; the point, when it is very well infulated from 
'the earth, fliows a certain degree of pofitive charge w'hen the 
< air is infulated fo that clc^ti icily cannot be communicated to 

it ; it ftiows zero when the condu6ling power of the air is near- 
ly equal to the rajiidity with which the charge is made ; and 
negative when this power is very drong. Thefe phenomena 
arc thus explained by the fame law, * 

rrQ^>‘^birty that Mr. Erman has alfo fifppofed in his memoir that there is not 
^ea ' iiT o^he qustnlity of ek*6lricily difengaged in the atmof{fbere ; iTut 
atmoii>hcic. b« pot however aflert that this is ftridtiy the cafe : he has 
only fought to draw the attention of philoibphers to this fubje^f, 
a’nd to fhow that thoQj phenomena arc equally well explained 
by the fphere of adivity of the elcdricity. 

Convenience of The experiments are very eafily made, and the eledreftneters 
flftSv iriihunients. arc very portable; fdr when the leaves of gold are 

placed on one fide of the cylinder, motion cannot occafion 
any accident. With refpeft to the dicks, they may be made of 

feteral- 


Thc difl^’rent 
plicnomc' A of 
th%<a»vci‘|'ence 
of All iniuUted 
point cxpljined 
by the fame Jaw 



COMPENSATION CUEB.^ 


fcveral places, and be fctewed together when they are wanted. 
Such were the intlrunienls Mr. Erman took with hitn over le* 
^ veral hundred leagues ; the (lick was three lines in diameter 
at que end, and one line at the other. This philofopher does 
not yet know what may be the influence of the ditferent thick* 
of the condudor. One of th^e conductors happened to 
Jbe of brafs, the other of Heel; it^d not appear to him that 
the difl'ercnce of the metal occailoned any in the refults. But 
lie purpofes making new epquiries on Ibis fubjeCt. 

Mr. Erman oHbrs his lone! uhons with great diflidcnce: he 
does not pretend to Imve formed a new theory, but only locate 
his doubts on the opinion of thufe philofophers who have attri* 
buted the phenomena hitherto ohferved to a difengaged elec-^ 
tricity in the atmofphere. He notices feveral other interefling 
experiments which he is employed in making upon fmokc, and 
particularly on eleClricily in a vacuum. We fliall ha/len 
to publifli the refults of them as foon as they come to hand. 


IV. 

V 

Defcriplion of a Cornpenfaiion Curb, By Mr, James Scott, 


To Mr. NICHOLSON. 

SIR, 


Inclosed I fend you a Ikeldi of an inflriiment I have 
conHrucled, much wanted in the profelTion of watchmaking, 
ior the purpofe of pub]in)ing in your Philofophical Journal^ 
whic;^ I prefume will be of much benefit to the public, and 
at the lame time may prevent any other perfon from claiming it. 

Ilhall*call it a compenfation cinb. Tlie conilruflioii of 
this inUrument is for the purpofe of e.\f)anding and contradling 
in lllic ditlferent temperatures, fo as to counteract the error 
which the pendulugi-fpring is liable to by the Imalleli variation 
of heat or cold. 

The inventions that have hitherto been put in pra6tice for 
the fame purpofe, I beg leave to make a few' remarks on. — > 
The ccihipound balance, w'hen carefully made and acyiifted, 
is certainly ^ very complete counteracting e.xpanfion, and will 
anfwcr exceedingly well on board a ftiip, if there be no ma- 
terial difl'ercnce in the denlity of the air; if otberwile, the ba*- 
• • • Os' 1anc« 


Infrodudorjf 

letter. 
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lance being loaded, will have lo dhcounter a confiderable 
dfal more f'ridion, and confctjoendy be imped^jd in its vibra- , 
tioiis ; if worn iu the pocket, it is alfo liable to error, as ex- ’ 
crcife will alter its diameter. The cc»mpound balance* has 
heretolore got the preference, bccaufe artiits have not been 
able to invent a compenf^tioti curb adju (fable to the exact ex-^' 
panfion required (which, by many experiments, I have proved 
the inclol'ed to be fully competent to) therefore, the plain ba- 
lance having no projections on the furface, mud certainly have 
the advantage. As 1 am not in' the"" habit of exprefllng my 
ideas lo the public, I hope you will have? the goodnefs lo rec- 
tify any errors in the Hile, and allb curtail any part whtcli may 
appear unnecelfary lo you. 

I remain, Sir, 

Your much obliged humble fervant, 

JAMES SCOTT. 

?5y, Grafton Street^ Dublin, 


I hcfolloiiHitg is a Dtfvriplion of the Cornpenfntion Curb, 

Dcfcrlption of The* flee! index, PI, //, Fli^ 2, lefter A, is for the purpofe of 

a comp?iif«tion f^pporting the curb, which is fallened by a ferew and fleadv j)in 
at R, the circle of which at A is turned with a dovetail, as (licwn 
at H, and is (lit fo as to fnap into the frame-plate, by which 
means ii may be turned, and w'ill carry (he curb, fo as to re- 
gulate the machine in the common way. D and £ are two 
circles computed of brafs and fteel foldered together, ibe out- 
fide of E brafs and the infide fteel ; but the oulficlc of D is 
fteel and the infide brafs ; fo that the one circle expands«when 
the other contrads; by which means the afling pa|t of the 
curb at C will (hift towards the index with heat, and prevent 
the vibrations being (lower, which the expanflon of P, the 
regulating (pring and the balance, w’’ould otherwife occafion ; 
and on the contrary with cold, it will (hift its pofition nearer 
jthe find 1, w'hich the regulating fpring is pinned to; fo that 
let it receive heat or cold, the adling part of the curb at C 
will at all times keep the regulating fpring the exp6l length, 
to counteract the expaniion of the balance and pendulum- 
fpring. V is a piece of ileef, with a notch cut in^t to receive 
the expanfion circles D and £. F is a ferew for faftening 
V at any part of the circles; lb that, by (loving the watch. 
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you wil> immediately ai^rtain towards what part of llie circles nefcription of a 
you mufl: (hift V. If you find its rale flow with lieat, you . 

niufi (liift V' to lengthen your circles» and if fafl^ the contrary; 
and by marking your circles each lime you have occalion to 
fliifl V, yon will be enabled to adjuft the curb to (he exa£I 
. expaiitiun required. W is a looti^iece of flccl» which fits 
in the notch of V between the twoexpanfion circles, to keep 
them fafl in their propjer pofitions when fere wed by F. S vS 
are two fteady pins made J’aft in' the frame-plate, wliich re- 
ceive the circle E between them to prevent the a^ion of P, 
the regulating fpriOg^ from afiecling C> the curb, by mdving 
it to or from the center during the going of the watch. The 
tw'o cxpanfioii circles require to be made very delicate; it is 
therefore to be oblerved by the manufadlurer of this ipflrumcnt, 
that the brals in each circle is to be the thicknefs of the flee! ; 
fo that when the two bodies are foldered together, they will 
make tw'o thicknell'es of (he edge of a inain-lpring of a w'atch. 

The larger your watch will admit the diameter of the curb, 
the belter. It mufl be at leafl the fizc of the balance. 


V. 


Zetler from Mr, Boswell, in Anfiicr /o An Old Couue- 

SPONDENT. 

To Mr. NICHOLSON. 


SIR, April 10> 1805. 

HE perfon figningj/owr Old CorreJ^ondent^ has thrown fome Mr. nofweli 

very undeferved refie6lioiis on my latV communicallon in your 

. *' •' felt from confi» 

Journal. dcncc. 

In anfwer to his remarks, I beg leave to obferve that the 
introduction to my paper contains fufficient to juflify me fully 
irom his imputations. 

1 have there aiferted no more than (hat I have difeovered 
a me’tliod of corning fo mar ihe truth, that fliould it turn 
out to be in reality not fo exact as appears to me, yet it pro- 
miles to be fo uleful lor common computations that I arn 
*i iiid^icecl to fcnd it lor publication, if you.approvc of it,’* 

I Ttnow 
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I know not. Sir, hbw I could have wrillen irt any way 
farther from announcing my difcovery with confidence^' . 
than the above, or indeed with more diffidence. 

Hii ireihoiis n the fifft pJjice, I fiale it only as a near approach iO*lhe 

7tari truth, which both your and his crilicifms have fully 

ingthetru:^, proved it to be: In the^next place, I exprefs my doubt bf * 

its being even Jo exad as it appears to me ; And thirdly, 1. 
have left its publication to depend on your approbation, 

jr this is not enough to remove all furpicion of confidence, 

I have to add, that the fentence whicki concludes that fubje6t 
jn the paper, fiates, that an unperceivM error might arife 
from the fmallnefs of (he circles which I ufed ; and befides 
this you can teftify for me, that I wifhed the paper to be fup- 
prefied altogether before publication, when you (hewed me 
that it even w’anled an hundredth part of bring cxa^I, though 
with a much greater inaccuracy the matter contained in it 
would be ufeful for the puipofcs to which I ilaied it might 
be applied. 

As to the proof of the ferond fuft, it \va^ not from the 
** con vision of its obvious ;i<(’ui.icy not icquiring pi oof' 
that f did not ini<‘rt any, but bcf aufo 1 coni'ludcd it mull he 
, fiitlicicntly obvious alter w'hat 1 had tlalcd of the firii, that it 
#. was the fame Ibrt of t'xptrmeutal proof 1 had ulcd tor both : 

And if any gentleman will try the cxperiiuent as 1 did, he 
will find 1 have not misllatcd the matter. 

I'herc may indeed be’fome little impropriety in ufing the 
* w'ord Jact in a popular fenfe, in an} linn;; like a matheraa^ 

tical flalcnienl; but to notice fuch a Inile with inverted 
commas, only appears to indicate a Ipirii of cavilling on the 
part of yoqr Old Correfpondent. 

Moneof il»p Hut with all his precil^on he has forgot one fj6l, Hial puts 
^nadraiuicj of Computations more bn a level with my experiments, which 
morrihai/ay. ‘S method has ever yet been difeovered of coinpulmg 

ytoxiniJiionii. vv ilh ptrjed ciactuejs the relative proportions of (he circum- 
ference to the clidinelcr, and of courfe to the other lines he 
- • mentions ; and that \JL is only a far-laboured approximation to 
the truth that has been inferted in the work from whence he 
has exlrucled the proportions which he has ufed; and that 
^ ‘ therefore what he has ** announced with fo much confu 

f* dcMice,” (to life his own words) is not prccdely demonflra^ 
tivb Lrplb^ bat only an approach to it, 

* " -I-did 
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I did not ever intend td recommend my method as a ^ 

^and int'aHible geometrical problem applicable to the iinorc^-,gjj ut^Vnjr* ^ 
d'iiblime mathematical fpeculaiions, but as a more ready^, aiid^ 
penpit me to add, more exa6t wa> than that in general ufe, 
tor the humbler purpofes of common life, fuch a^ mcai'uring 
..round timber, conduit pipes, engine cylinders, &c. 

1 am, &c. 

J. WHITLEY BOSWELL, 


VL 


Dtjlriplion of an improved Gate for Fields, Bjf Mr, Cti.vaLi::;> 

Waastkll *• 

Dear Sir, 

The varioiK methods ufed in bracing common gates for 

fifdds, prove that not one of them is greatly fuperior to tlm 

reft ; for, if it was, that method would have been generally 

adopted. Mod gates arc loaded with fupcrfliious timber in Imperfections of 

fome of their parts, and are condrufted upon fuch bad *»**^^* 

pies, that they arc frequently broken by their own weight, 

aided by the concidlion of the head againd the falling-pod; 

and this, long before any part of the wood has began to decay. 

I have for fome time given this fubje£l confiderable attention, 
being iraprefled with the idea, that if common gates could be Grr.it fiving m 
condru^ed with lefs timber, and upon belter principles, fhc 
Paving of timber only would be of national importance; lor cumberfomu. 
we have many millions of gates to uphold in Britain, and 
their numbers arc annually increafing. The refult of my la- 
bours hag been the plan which accompanies this letter. Gates New plan, 
made according to it, poflefs great dtenglh, are very light, and 
oC. eafy and fimple condru€lion. Although uniformiTy of ap- 
pearance be not edential in a common gate, yet is worth having 
when it can be obtained, as in this gale, without additional 
expenfe. 

My gale is made with diort, and conf^quently lefs valuable, Account oi iho 
oak or afli timber, than thofe of thccommoneU condru^tion ; 
drength is much greater than ai^ other gale made with a * 

• 

• Commimicatcd in a letter to CharfeB Taylor, Elq. Secretary 
of the Society of Arts, who returned their thanks for the fame. 

Vol;xxa. UOJ. 



^ W4BLD GATB. 

qoanUly of timber^ thoce being at feor ciiftant points between 
' the head and the heet^ two bars and a brace crofTing each other ; 
and I doubt not thalh will be found proportionably more du« ' ' 
ruble: it ^ beiidesi very cafy to conftrud, and requiresjefii 
labour than' mofi other common gates. Twenty-nine years ago 
1 deilgned plans for ornamenfal gates, with femi-oval and femi- ^ 
circular braces, and had executed ; the plans were fent 
to my friends in various difiant parts of this kingdom, as alfo 
to Ireland; and 1 have the pleafure to ubferve, that they are 
become almofl the only ornamen tailgate in many parts of 
England. The plans of them 1 never puUiihed, although they 
were prepared for engraving fifteen years ago ; and I (hould 
be as indifferent about my prefent deiign, of a common field 
gate^ if 1 did not conceive that its publication would materially 
benefit the public; the introdudlion ot this form being, I con- 
ceive, of forne national importance, as limber has been lately 
greatly enhanced in price, and is rapidly on the advance. 

• This gate was defigned for the approach to a country refi- 

dence; but for common purpofes, the wicket on one hand, 
and the (liort length of rails on the oiheri may be omitted. I 
ihail thank ^ou, if y ou will have the goodnefs to lay my plan 
before your re^e6)able Society, of which I have, for many 
years, had the -hohour to be a member. And fliould this plan 
be approved of, I may pro|}ably fuinifli fume defigns for park 
gates on an improved coDftiudfion. 

1 am. Dear Siri 

Your very humble Servant, " 

CHARLES WAISTELL* 

Afprch22, 1803. 

Mr, Charles Taylor, 


IDrfci'irtlon tnd* 
4imenfion$ of 
thf new COD'* 
iSrufltd fieM* 
|St6« 


Jiffirence to the Ertgmi ing of Mr. WaifieWs Gefr. 

Dimensions, — (Plate I'L fig. 1 J 
The heel of tht^ gate to be about 3^ inches fquare. 

The head of ditto - - 2^ by S inches. 

The lop rail or bar • • 3j by J|- inches. 

The bottom bar •• • 3-J by ] I inches. 

The bar in the middle of the gate 3 by 1 ^ inches. 

TbP othej }mh the 4 braces by inches. 

‘ Qbjervaiions 
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Obfervations an its CofiftruStion^ 

\ ^ The head and heel of the gate may be of oak^ and the bar$ Dercriptinn and 
and«brace$ of fir^ Narrow and thick bars, when braced as in con^ 

this defign^ are Wronger than broad and thin ones« containing ftru^led fidd- 
ly, the (ame quantity of timber, and they alfo oppofe a lefs furfacHi 
to the wind. The two points in thC^eei of the gate, to which 
the thimbles are fadened, may be confidered as hrm or fixed 
points, * From thefe pomts^ via, 1 and 2, two braces to pro- 
ceed to 4> and 3, in the nAddle of the bottom and top bars, and 
being there fecured, dhefe become fixed points, and from Ihefe 
two points, viz. 4 and 3, two braces proceed to 5 and 
fixing thofe points. Tiie gate is thus doubly braced, viz. from 
the top of the heel to the lop of the heac{, by means of tlie 
braces 1, 4, and 4, 5 ; and from the bottom of the heel to the 
bottom of the head, by means of the braces S, and 3, 6^ 

On each fide of the gate are two braces, and thofe parallel 
to each other. The brace proceeding from the bottom of the 
heel of the gate, and that which is parallel to it, as alfo the 
bottom bar, are all firaiiicd in the way of compreffion, and 
the brace proceeding from the top of the heel; and the other 
brace which is parallel to it, and alfo the top bar, arc all firain- 
ed in the way of extenlion. The firains in this gate being none 
ot them tranverfe, but all longitudinal, it would fiipporl a 
vafl weight at its head without having its form altered. The 
braces all ferve tlte double purpofe of keeping the gale in its 
true form, and of (hortening the bearings of the bars, and 
ftrengthening them. Few gates have lefs limber in Ihcir 
braces; and perhaps in no other way can a gate be fo firmly 
braced w ith fo fmall a quantity of limber. 

At 3,* 4, 7, and 8, two braces and a bar of the gate arc 
firmly ferewed together by means of won pins and feyew nuts, 
the other points, where only one brace crolTes a bar, common 
gate-nails are ufed^. 

If, in fome cafes, a flrong top-bar be wanted, to refift the 
preiTure of heavy cattle, a bar or board, ijbout fix inches broad, . 
and one inch thick, may be laid with its broad fide upon the 
top bas, and fixed thereto by means of the ends of the braces 
in the middle, and by the heel and head of the gale at the two 
ends of it/ This board will, in this pofition, refifi exadly the 

fame 
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fame preflure as a thick top bar, thrfte inches broad, by fonr 
incite* deep, although it contain no more than half the ^ 
timber, 

in (he ground plan, or horizontal fedtion, fiig, 7-, reprefents 
a piece of wood, about four inches cube, pinix^d to the' 
falling poti, a little belofv the catch, to flop the gate fr6m 
fwingiiig beyond the poft : another fiop near the ground may, 
be ufeFul. 

When gales are hung tc open otyj way only, their beds and 
heads generally reft againft the hanging and falling pofts; 
but !^hen they are hong according to this^efign^ gates may he 
made about one foot ftiortcr for the fame openitig, and confe-' 
quenlly they muft be lighter, ftronger, and Icfs expenfive. 

Of the hanging qf Gates, 

When the two hooks in the hanging-poft are placed in the 
fame perpendicular line, a gate, like a door, will reft in any 
efire^ion in which it may be placed. Hut, in order that a gate 
may Amt ilfelf when thrown open, the hooks are not placed 
exactly perpendicular ; the upper hook declining a little to- 
wards the falling'poft, or a few feet beyond it. In whatever 
diredion (hat hook declines the fartheft, in the fame direftion 
will the gate reft, if unobftrufled, and its head cannot then 
iink any lower. Make the head delcribe half a circle, and it 
will (1)U8 have attained its utmoft elevation, and will be 
equally inclined to dcTcend either to the right or to the 
left * 

The following method of fixing the hooks and thimbles, 
will, I think, be found to anfwer very well fora gate (hat is in- 
tended to open only one way. Siippofing the face of the hang- 
ing-poft to be fet perpendicular, and the upper hook flriven in 
near its inner angle, as ft reprefented in the preceding defign, 
and that the lower hook muft be four feet and a half below ft ; 
fufpend a plumb-line from the upper hook, agd at four feet and a 
half mai k the poft ; then at one inch and a half farther from the 
gatew'iiy tht'in this m|irk, drive in the lower ho<jk ; this hook 
muft project about half an inch farther from the face of the 
poft than the upper hook. In the fedlion or ground-plaA of the 

* See Chap. II. of Mr. Parker’s EfTay on the Tlanging of 
Oates i and alfo the Agricultural Report for Northumbeiiand, by 
MefTrs. Bailey and Cullcy. 
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gate, the two while circiles near the hanging*poft rcprefent Particular de- 
,tbe places of tlie two hooks when brought to the fame Aori- ^e^idof hang- 
*asontal line; that ncaretl the gateway rcprefents the place of ing a gate, 
the upper hook. ' ' A line drawn through the middle of ihefe 
two circles, and extended each w'ay, will, on one handf re- 
prefent the gate’s natural line of re^ and. on the oiher^ the 
Une of irt higheft elevation. A gate thus hung will, when 
Ihrow'n open nearly to the line of its higheft elevation, return 
to the falling-pod with a velocity fufflclent to redd a mode- 
rately drong wind. This velocity will be either increafed or 
dimtnilhed, accordingly as (he upper book declines mor^ or 
lefs from a potitlon perpendicular to the lower hook. In order 
to adapt (he thimbles to thefe hooks ; — as the lower hook is 
one inch and a half farther from the gateway than the upper 
hook, the lower thimble mud have its eye an inch and a half 
farther from the heel of the gate than the eye of the upper 
thimble, in order lhat the bars of the gate may be in a hori- 
zontal pofition when it is (liut. And, as the upper hook pro* 
je£ls half an inch lefs from the hanging-pod than the lower 
book, the upper thimble (liould be tixed half an inch nearer 
the farther fide of the heel of the gate than the lower thimble, 
in order that the gate may be in a perpendicular pofition when 
(hut. If the thimbles have draps embracing the heel of the 
gate, and proceeding a few inches along each fide of the bot- 
tom and top bars, and if they are fixed to the heel bars and 
braces, by means of iron pins and ferew nuts, great firmnefs 
will be given to the gate at Ihofc two points, which are thofe 
tliat fuflfer the greated drains. 

To (his com mil ni< -at ion are annexed a certificate from 
Mr. Edaard Simpfon of Wooden Croft Lodge, near Barnard 
Cadlc, in favour of (he advantage of lliefc gates in faving and 
duTdbilifyE and alfo a letter from Mr. T. N. Parker, author 
of a well-known Troatife on the hanging of Gates, expreffing 
his approbation of iiiQ fame. 
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Dejlriptian of an improved Gun»Lock^ hy Mr, Georg e Dod d 

Pefcnptwn of T^HE figures in Plate L reprefent Mr. Dodd’s improved^ 
g^in gun-lock with its parts iiiyjieir feveral fituations and pofitions. 

fei'mncc to tl)c The ll}aucd drawing. Fig, 1. reprefents the exterior parts oY 
drawings. the luck t and Fig. 2. reprefents its interior. Fig. 6, exhibits, 
in perfpe^livc, the . tumbler, the Ycgr and the fear fpring in 
the pofition of whole cock. The outfine plans S, *1* and 5 
iliew the feveral pofuhms of the parts, at full cock, half cock, 
and immediately after the difeharge. The tumbler A termi- 
nates on the lower fide in a tail, as ufual ; upon which the mein 
Iprtnga^s: but, on the upper or oppofite fide, it is formed 
fo as to have (wo notches or bonis, one very deep for tlie half 
cock, and tlie other fhallower for the wholo cock, as is feen in 
the figures. The circle a. Fig. 3, fuppofed to be deicribed 
by the extremity of the bearing face of the tumbler at whole 
cock, is larger than that through which the extremity of the 
bearing face of half cock pa lies, fee Fig. 5. and the center of 
the fear B is placed in the outer of thefe two circles, having 
the under fide of its nofe fafiiioned in the arc of tlie circle b b, 
deferibed by the motion of its extremity. The bearing furfaoes 
of the bents or notches of half and of whole cock are made 
to fit this face; or, in other words, they form parts of ll>e 
i'ame circle, when refpe^lively at whole or half cock. D is 
the trigger, fo formed and placed that,’' at whole cock it trips 
or draws out the fear, wifli great facility and (juicknefs, by the 
a61ion of an inner flope or face l)ing in thediredion of a ra- 
dius of the circle it deferibes; (lec Fig, 4*.) But wlwn at half 
c'oek. Fig. 3, its action^ by means of an outer (lope or furtace 
(which lies intermediate between radii drawn from (iie centers 
of the fear and of (he trigger to the inner point of their con* 
la6l) is fo far from difeharging the motion, that it tends to keep 
the fear more firongly in its place. Thefe adlions and proper* 

• * ties arc fufiiciently evident from the figures. 
lEnumcMtion of The advantages of this Jock are, 1. It is fully as fimp^e in its 
the good 4 uaU- confirudlion, or rather more ip, than the common lock, and is 
pps of cbik lock, no cheap and ea(y to be cleaned by*a cuimnon 

^ From the T|^f&ftipns ojf the Society of Arts for 1804* 

foliKer 
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l^ildler or workman : 2. ft w difcharged very fpcedilVt and 
^aiinol poflibly catch or hang at (he half cock id the ad of dtf- 
Wiarging: 3. Th« bearing parts at half cock are extremeljr 
(lron*g and cannot mifs their hold or be thrown out of taking 
by any accident. In particular (he trigger cannot be made to 
* remove (he fear; becaufe iUadion ^balf cock is in the con* 

Tt^ary diredion. Hence it is ihuch more tiinple and its means of 
fafvly arc nearly as fecuroasany boI(« that is to fay it is perfediy 
eHediial as far as rcgarcls^tlRs trigger; though it does pot* like 
fonie of the bolt (tops* prevent the full cock being made. Kut 
on the other hand, as^the inventor remarks, its fecurityinmo 
rcfpecl diminiflies its ready ufe. For bolts, excluflve of the 
additional expence, has'e the di fad vantage of requiring a pre* 
vious operation before the piece is fit for fervice. Few people 
when alarmed have the prefence of mind to unbolt, but thc^- 
inflantly attempt to cock. Difappointment tends to produce 
that agitation and confufion of mind which, at fuch a jundure, 
way occafion the lofs of their lives from opponents who are 
little difpofed to (hew mercy to an enemy from whom they 
had no reafon to exped any. 

Certificates of the utility and novelty of this invention, from 
refpcdable makers, wdth letters of approbation from the Board 
of Ordnance, were exhibited to (he Society of Arts; and it is 
probable that this apparatus wilt obtain the cncouragemeni it 
appears to defervc. The SiK'iety exprefl'ed their fcrUimenl^ 
by awarding the (ilver medal with the fum of ten guineas to 
theipventor. 


VIII. 

Ifijiefiigntiqfi of the Properties qf the Lines draun in a Circle by 
Mr. Boswlll in the Tenth Tolume of this Jout nuL By Mr, 
John Gough.* 

To Mr. NICHOLSON, 


SIR, MiddleJhatXf April 17, 1805* 

TThE theorems refpeding the circle, given in your namber Propofit^s 
for March laft by the ingenious Mr. Bofwell, will undoubtedly 
prove ttfefui to the artift and pradical phi'bfofdier. On this 
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Proportions Recount they ought to be made ts eorre^l poilihlej wbicif' 
cirele^ awl &C. yet done, either by Mr. Bofwell, or by hu 

^ more fcientific commentalor in your number for the prefeni 
month. .This declaration in a manner compels me to. upder* 
take the follow'ing invefligation of the fubjefl, in which J 
lliall refer to Hg. 4. Plaie XT. of your Journal for April, re- 
queuing (he reader to ^lace the letter T at the upper exlr^ 
mity of Che vertical diameter, and C at the oppoQle end. 

Theorem JJ?. Let the circle 17^ FC have unity for its dia- 
meter; 'draw the diameters I F, T @ at right angles to each 
o<h«r; bifedl the radius T O in W ; joii* J W, and produce it 
until it meets the circle Rgain in B: ihefe things being donci 
the fquare upon 1 B is equal to .8000; vvhic-h exceeds .7^54, 
or the common expreflion for the area I T F C by the fradlion 

.01 W 

Demonfiraiton. Piit the radius I O ss R = .5 ; then O W 
= 7 R ; iince the triangle 1 O W is right angled at O, by hy-> 

potheHs, I W*=: R^-j- •jR* = — Euc, 47.1. ^ Now|the 

triangles O I W, B 1 F are equiangular; becaufe the angle at 
1 is common to both; and the angle F B 1 is equal to W OI# 
being right, Euc, 31. Ill ; confcquently, as W I : I O : ; I F 

(=2lO):IB; hence as W I* (= ~) : IO*(= R») : J 
IF» (=4.R*); IB* ( = 2i~); but R»=.25; therefore 


=.16x.05 = .SOOO. 

i7«t 

.0146. Q.E. D. 


But .8000-. 7854 = 


Ltmma^ The area of the circle I T F C is equal to the refl- 
angle under the radius OJ, and the lemi-circumfercnSe I T F; 
for this area is equal td a triangle having 1 O for its altitude, 
and the whole circumference I TFC for its bafe. ^(Archifni-^ 
des de Circuh Prop, ift.) , 

Theorem 2tid, If the right line I B be the fide of a fquare^ 
' which IS equal to the area I T F C ; and B G be drawn per- 
pendicular to the diameter I F; the fegment IG of the dia- 
meter I F, cut oft’ by B G, is equal to J of the circumference 
ITFC or thearcTBF. * 

Demonfiration, The triangle J B F is right angled at B, 
31 £,111. and BG is perpendicular to IF by hypolhc fis 

therefeiv- 
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therefore the re^anglc F I, I G = I B*, 8. £. VI. ; but I B^=: 

,Uie redlangle under I O and the arc I F F by lemma; confer f rr. - 
quenti \3‘« FI ( = 210): TO;: arc I T F : right line I G ; 

I !• £; VI. iieiice 1 G = | (he arc I T F, = the arc T B F, 

Q. K. D. 

'• Cof^ollarjf 1. If I G, a fegment of I F be equal to the arc 
B F ; draw G B perpendicular to (F; and let it meet the 
circle in B; the line I B i&the fide of a fquare; which is equal 
to the jrea I T F C- Tliis jj? the coiiverfe of the Theorem. 

r«>r. 2. It* any angle a\ the centre of the circle as I O B, 
be gi\ en in parts of the right angle T O F ; and 1 G be 
to the arc T B F ; find a right line N ; which fliall be a fourth 
proportional to the angles T O F, I O B and the right line 1 G; 
thi& line N is equal to the arc 1TB; and a mean proportional 
N 

betyvixt I O, and-^’ Is the fide of a fqaare which Is equal to 

(he area I O B I ; join 1 and from the lafi mentioned fouare 
take the trinangle I B O ; the remaining mstgoilude is equal to 
the circular fegrnent I T B. 

Cor. S. The fquare upon B F is equal to the difference of 
the areas of the circle and its circumferibing IqUaie. 

Probli »«. If the circumference of a circle, whole diameter 
is unity be denoted by 3.1 1<16; it is required to find a right line 
u inch (hail approximate very nearly to ^ of tins number^ or 
.TSOI.. 

Co*tfirn8i(m. Draw I B| as in Theorem ift, and make B G 
perpendicular to IF; then IGx 1 =1 .8000; confe- 

qijently I G= .8000, which is greater than Let the 

reader lake g in 1 G, fo that 1 g may Ihj of the required length ; 
then a^SOJO : 785 1- : : IC? : I if; but 8000 is to 785 1* nearly as 
55 to 5 l-;*tberi5fore divide 1 G into parts and will be 
5 t of thele parts. Diaw perpendfcular to I G ; jnin I 5; 
ancTlhe fqu&ie upon 1 b will be nearer the truth than that upon 
IB. If a more complete approximation be rcquircrl, it mav 
be difeovered by the method given in Uie ninth Problem of 
Etnerfon's Antiimetic. Q. £. F. • 

It is the bufinefs of the pra6lical geometrician to determine 
the value of ibefe propofitions In practical geometry. The 
ingenious Mj-. Bofwell confiders* the firfi theorem to be of 
utility; for which reafon I imagine any impro\e.mcnt in the 

difeover/ 
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(fifrovery will prove acceptable nbl*only to Ihe inveiitor, biit 
to feveral of your readers who Affe artifts and mechanical ge- 
ometricians. 


JOHN GOUGH. 



On the Culture, Properties, and amparntive Strength of Ilenip, 
and other Vegetable Fibres, the GrotUh of the Fcijt InUies,^ By 
i)r. Willi AM RoxBuadH, of CalcHtia*^ 


IIT ad VI Ted ex- 
l^eiimcnts for 
the culture of 
in India* 


Beft iTOthod of 
firntnoctng its/' 
cultivACiun*' 

a 

Botanic garden 
at Calcutta. 


Dear Sin« 

Your letter ef tlie I6ih of May, 1799, I received on my 
return to Bengal in 0£lhber lad ; but that from the Society 
cdablidied in London, for the Encouragement of Arts, &c« 
of which you are a member, is not to be found. 

1 was rather furpriied, on iny return to Bengal/ to find tJie . 
diro^ors had fent out a perfon (Mr. Sinclair) to edabltfh the 
cultivation of hemp, a thing 1 had begun feme time before* 
Even on the coad. of Coromandel, ten or twelve years ago, 
1 made a mod fuccefsiul trial, the refult of which was laid 
before that government, to be fent to the Honourable Court 
of Directors; and again in Bengal, iince my appointment to 
the dation 1 ,nnw hold. Mr. Sinclair is dead, and the ex* 
periment is dill carried on in a mod expenfive manner; whereas 
it could be continued where it was tird begun, in the botanic 
garden, at no expence, and with more profpc61 of fuccefs. 
Should government continue to be the cultivator, the price 
will be enormous. Eighty pounds W'eight is alii i believe. 
Ihut is yet furlhcomiisg, and cods from 10,000 to 20,000 
^rupees. Such experiments throw a complete check in"*lhe 
w'ay of all attempts to introduce new, or improve old, branches 
of agriculture and commerce. A fmall premium (hou Id be 
otr^Tcd to the natives, and honorary rewards to Europeans, 
after the example is fet on a fmall and not expenfrve fcale. 

The botanic garden was at drii made very' large, four titne* 
more than was necedary fo^ fuch a garden, the^ intention of 

* Communicated to tbt Society of Arts, 1804. 
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‘ wliich was mcirely lo ilnake experiments^ and to invite tfie 
natives lo fee and profit by the examples in hufbandry caltied 
6n there. 

A quantity of my bow-ftring Aax was I undertland, fent Bow itrias flax s 
from the coaft about two years ago, for the diredtors. I could 
wifli to know what was done \Vith it; for, to me, it feems to 
Vje the Arongell vegetable fibre wef are acquainted with. 

L mean to fend fome by the January ihips from hence, tbrougli 
the medium of this goverifment, and wifii it may fall into your 
hands, and that its qualitioa maybe properly examined' by (he 
Society for the Encoqjragemcnt of Arts. I am. really foary 
that the letter, inviting me to- become an honorary correfpond* 
ing member of (hat Society, (liould have been lofi. I beg 
you will afiure the Society, that I am fenflble of^ (he honour 
they have done me, and (hall be very happy to have (t in piy 
power to contribute my mite to promote the views of that 
laudable infiitution* 

When any new objedl, promifing lo become uCeful in 
(he arts or manuradtures of our country is difeovered, and .re- 
ported to yOur Society (for example, the bow-Hring flax,) the 
Society will probably addrefs the Court of Diredtors, and re- 
commend the cultivation and importatido into. England of the 
commodity Ufelf. ^ 

Another objedt, of more national importance, which I re- Excellent quali- 
commended to this government, before I went to the Cape, 
was the growth of one of the mod noble of the palms, (he 
arrow, mentioned in’Marfden^s Hiflory of Sumatra; page 77, 
a^nd faid to yield at an early age (from five to feven years,) 
fibres ready prepared by nature, flexible, firnng, and mod for Its flbrtsf 
durable, and the mod convenient for cables and cordage of all 
kinds, that can be defired. It alfo yields great abundance of its wine; 
palm wine, which' can be converted into fugar or ardent 
fpiivts ; and When the tree is old, its pith is the bafis of (he 
fago we fo much value* 1 have didributed many hundred and its fsBo^ 
plants, and have dill a great number in the garden*, beiide 
many thoufand feeds in (he ground. Drawings, and a de- 
feription of the mod valuable tree, were fent to the diredlors, 
under t^e name of Jhguerus rumphii ; but as the trees from 
which they were taken have advsAiced in fize aOd age, a new 

« Feb. 1 801 . About 3p0,000 plants have bceiC r.emd in this- 
botanic garden fince the date of dits letter. 

Voi. XI.— May, r805. D' ' fct 
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fet of drawings, and a new delcription, of ihe old one cor- 
reded, becomes neoeffar^. They will be fenl fo tlie Diredors 
this feafon* The ofi^ed may be luch as your Society wifli to 
attend to; and on (hat account 1 have ventured to tioul^le you 
\\ jth the above (latcmcnU 

T am, dear Sir, 
ifour mod obedient Servant, 

W, RoxBOKort. 

Calcutta, Dtc. 2^, 1799. 

Robert Wilful, L(q. 

Dear Sir, 

MY letWrr of the 2 Mb of December, 17‘)9, I am afi ud^ ban 
not reached you* The experiments on hemp, therein men- 
tioucd, have not, I believe, (brawn much additional light on 
the (ubjed. My friend, Capl. Burrows, of the f.arl Huwe, 
has done more to make our own indigenioiis Ipecios (the fun 
of (he Bengaleie) bellet known, than any other perfon 1 am 
acquainted with. 

For thefe lad (weKo months my attention has been much 
taken up in coKedmg and comparing the various v( gctabic 
fibieii of Afia, &c. uttd for cordage, cloths, and paper. The 
refult of (befe 1 have lately [uefented to the fupreine go^prn« 
ment, to be Cent to the Hon, the Court of Directors, in reply 
to the 79lh paragraph of (heir general letter of the 7 th of May 
iad. This paper may be interefling to your Society, par- 
ticularly at this time, when the attention of all good patriots 
is drawn towards the difcovery of a fubditute for Rudian hemp. 
This paper, with my former efftys, contain much informatiou 
on the luhjedts therein jnentioned. * 

The fan of the Hindoos, Which i$ the prepared fibres of 
(he bark of a welUknow'ii Indian plant, tho crofalana Jumui 
of Linnmiis, dill appcirs to me to be the mod promiCug Tub-* 
dilute foi hemp which has come to our knowledge ; I mean, 
when every ctreum dance, relative to its quickneis of growth, 
its being already unrverfa'Iy known and cultivated by all tho 
nations of India, its low price, pliablenefs, drcngtli, ^ura- 
bilii^* &CC. See. are taken* into Oonddetation. , All that can 
bo neceffary for the procuriiiig aitjfl tranfporting to England 
any quantity iff tbhf maleri^), is onfans ihe cultivator a 

CfTTatii* 
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certain price^ and ready market for the commodity ; an<i to 
have it properly cleaned and packed, to render die freight 
low and convenient as pofTible. Cleaned Camples of this 
very fubilance were fcnt by me, fix or feven years ago, lo the 
Directors; fo that the ibiilt is not mine, if it is not already 
better known than it feems to be. 

^ The (lilcovcry of a fubfiilute for Rafiian hemp is certainly It can be afibra.* 

an objeft of the fii fi magnitude. If JUn is found to be the 

bcit iubfiilute yet clifcodered, and cofis in India, fay, when 

properly cleaned, ten pounds per ton, and the freight fixteen 

pounds, there will fiji be a contidcrable profit to the wr- 

chant, particularly in times of war; for, I believe, it rarely 

happens that hemp fells fo low in London as thirty pounds 

per ton. Should the fubjefl appear of conlequence to you, 1 

bog you will call the attention of the members of your Society 

to it. 

That 1 may not encroach too much on your time, I will 
clofe this letter by referring you to my friend Mr. Qofwell, 
the late Marine Sioickeeper and Nava! Paymafier, for any 
farther information you may want. 1 fend this package by 
him. Mr. Babb, late a Member of the Board of Trade hcrff> 
can alfo give you much information* 

I am, defar Sir, 

Your mofi obedient Servant, 

W, RoXBUKCff. 

Calcutta, Feb. 27, 1801. 

Robert WiiFel Kfq. 

Ohfervations on the Culture, Pn/perties, and comparatixv Strength 
of Hmpt Sm, Jat€, and other Vegetable t\bres. the Growth 
of India, communicated by Dr, KdxBVRCH. 

confidered merely as an article of trade, is an importance of 
object of the fir A importance to the merchant; but, • when J,*'* 

we reflect on its various ules, and obierve that hardly any art jn ibeicty. 
can be carried on without its afli fiance, or of fomc other" . 
fubfiitutc; the objeAs it embraces ar^ immenfe, .and there 
are fe^ that better defer ve the attention of the philofopher 
or intelligent artifi* Cordage* makes the very finews and 
raufcles of a fiiip, and every improvement which ran be made 
ill its preparation, either in relpe^ to llrength, pliablenef's, 

D t .or 
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or durability, or io bilging to light fabAilule^ equally goo3 
or better, particularly where henip iifelf cannot well be had, 
muft be ot immenfo fervice, particularly to the mariner, ancf 
, to the cony^tesce and-the dcfeiicc o( nations. 

Its cultivat on in The cultivation of this imporUrt plant in our colonies has 
titlcd^to”fupn"^t times, met with '*ncouragcmcnt from the 

^nd encourage- government, but alfo of late from tht* KaA-India^ Company 
mtnt. Bengal, where exfenlive experiment^ were begun by tile 

late Mr* Sinclair, and after bis death carried on by Thomas 
Douglas, on the culture of hemp® aad {]a\, on account of the 
Honourable Company, A clear and pnpartial Aatement of 
thefe trials is to be withed tor, as it will, no doubt, throw 
much light on (he cultivation ot hemp in India, and enable us 
to proceed with greater profpe^s of fuccefs than ever. 

It may be ver> My own experiments and inquiries on the fame fubjed, 
^ncficialiy pro- Coromandel and Bengal, have been many, 

(hough not exlenuve. ''Their remit leads me to think, that 
hemp may be cultivated to great advantage over the interior 
parts of Bengal and Bchar, where the (eed (boold be Town 
about the beginning ot the periodical rains, or earlier, if there 
have been frequent (how ers, on elevated fpots of rich loamy 
foil, fuch as (he R)ots culltvale tobacco, fun, and paat on, 
near their habitations. In fituations of this nature it thrives 
well, and will be eafity attended to. At hrA, ibme en- 
couragement will certainly be necelTary, to induce the Ryots 
The Hindoos to undertake this new' branch of agriculture. For, although 
for^thc^ced***'^^ plant is perfectly familiar to eveiy Hindoo, }et the cultiva- 
tion on an extenfivc Icale, for the hbres oi its bark, is perfectly 
unknown to them. I would therefore fuggeft, that they 
fliould pay no rent for the ground occupied for a certain 
period ; (bat feed Oiould be given gratis ; that thej^fhould be 
enfured a certain price the hemp ; and finally, a reward or 
premium to the perfon or perlons who produced dhe greateA 
quantity the bcA hemp within a Aated period. 

Srafon foi grow- In many parts of Bengal, particularly where the Und fo 
ing it. /' lovv as to remain humid Ihiough the dry-weather feafon, hemp' 
thrives luxuriantl) during the cold feafon ; but the water is 
then too cold for macerating the plants to the greeted ‘ad- 
vantage: one day in June,sJuIy» or AuguA, has more efFedi 
in loofening the bark, than eight in December,* January, or 
February ; conieq^ntly, the prolonged immerlion injures the 

quality* 
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qualify of tlie hemp*' iauch; The rainy Teaibn h Aercfiiiiu 
preferable for (he cultivation' and maceration; even {f 
plaQt grew better during the cold, which is by no means the 
Oafe, •particularly on land.s elevated above, the level of the 
annual inundation of the low ricc>hclds. We mud therefore One annual 
content ourfelves with one crop in the year ; for it is a very can he 

notion, and a very prevailing one, that the Fertile fields 
of Afia produce at leaft^ two 'crops . annually ; as weU might 
we fay, that the futile land^ of Kngland yield at lead two, 
becaufe a weli-managed garden, near London, or ftitne other 
large city, will prodike repeated crops in the year: fifin' 
thdia, by great care aqd jndu dry, a fpot here and there will 
produce two or more crops. The burning heats of Ada, 
while they lad, are as unfavourable for vegetation, as the 
frofts of winter in Europe. ' 

Befides hemp and flax, the vegetable kingdom, particularly Other jregct«MM 
that natural divifidh called. by Linnseus, Columniferoe, abounds pa^culaity the 
tn plants* which produce materials nt too cloths, paper, and for the uiet> of 
cordage: atmod every nation or country^ poflefTos fomething of hemp, 
the kind peculiar to ilfelf. To afceitain what thefe arc, as 
well as to^fiiul out new ones, to fry their comparative drength, 
durability, texture, &u. has, at various leifure hours, em- 
ployed my attention for many years pad. Drawings and . 
deferiplions of many of them have been already laid be- 
fore the honourable Court of Directors. There are, how- 
ever, foroe others which remain to be brought under view 
and compared with the kinds we are bed acquainted wiib| 
which I have attempted in the following experiments. Many 
other forts aro alfo mentioned by various authors and travellers, 
of which I know nothing more than the names. Twq of 
fhefe are* mentioned by Marfden, at pages 15 and 76 of hi$ 
hi dory of Sumatra. Others are pectfliar loTegu, &c. &c. 

Thefe I mud omit for the prefent, and confine niyf&lf to fuch Deferiptive out- 
as I ain more intisnafely acquainted with. The better lo 
enable me to proceed in Ihip inquiry, 1 have cultivated, in the mcn?Joa”lriou» 
Botanic Garden at Calcutfa, many of llie .plants themfelves 
which produce the materials hereafter mentioned ; prepared ivJp^aUon of 
their fibfes in general by maceration, &c.' as with hemp and ^hc fibres, 
flax in Europe. Andj to compare their Orength (pfai>, tan- 
ned, and tarred,) had tben'xnade into cords, computed of three 
ilmple yarns, as netirly^f ihe lame fize and hardnefs Is a 
*5 ' ' ' Hindoo 
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Cordage manu 
faifturedj 


Uuned and 
tarred. 


Hindoo ropc-roakor coiiM make ibern j bill, w fpfte of my ut- 
moft care, they were always too bard twilled to be of tim 
greatefl pofliWe firengfh *: Of each fort there were fix, when' 
there was a faflioient (|itantity of the Three of them 

w*cre aboni the tize of a log-line, and three a fize larger than 
and tried in the a vidiip*cord ; one of each bze and fort was kept while: the 
while, and aifo average nutfi her of pounds which broke tbem^ (for repealed^ 
trials were made, and always with lengths of exa^ly four 
feet), will be foam! iri the firil and* feconrf columns on the 
fight. Qnu of each was tanned b <witb fhc aftringent fruit 
fCaJl^d gnuh by the Bengalefc, (Embr^opleres Glutinifera, 
Rokb. Coromandel Plants, VoM* Na.’TO.J Their tlrengih 
jjd repreiented in the Chin! ‘and fourth columns of the following 
table, . Aud/ ^ttly/one of each fort was tarred; their re- 
fpedlive flrf*ngths will be found in the firth and fixlh columns. 
We know the lathning prtnciple ftrengtbens {be fibres of 
nw "fibrts,* biir leather, (animal fibres ) but are not fo clear t^^at its operation 
iqueic vegetable ? on vegetable nrallef Js uniformly the faibe. The atlention be* 
(lowed to afeertain this point in ihtTe experiments ilbill, at lead 
thr<iw fome light on (he ful>jc61*, and may induce others, belter 
rjualirjocl, to extend the inc|uiry (here in India}^ where tanning 
materials abound. 


Tanning 
Arengthens nnl- 


♦ The experiments nf Reoumiir, Sir Charles Knowles, and Du 
Hamel, uniformly piovc, that vhen hemp-rope is twifted to the 
ufual haidnifs, which is that whicli brings tliem to two- thirds of 
the length of their refpciUvc yarns, their tlrengih is lelTcned by 
nearly on(*fourth, when compaied with lopes confifling of the fame 
number of the fanic yarns twjiled up to only three-tburths of their 
length* There will be no difbculty in amunttng for this differ- 
ence, if we confider that a ikein of tibreg may be twilled fo very 
haul, as to break with any^ attempt to twill it harder. In this Hate 
the fibres are already lliaihcd to the utmoff, and cannot fupport any 
weight or additional llrain. ^ ** 

t The idea of tanning cordage is far fro|i| being new $ for the 
fffbermen of Alia, as well as of Rurt^, not only tan their nets and 
lines, but alfo their fails, to give them additional ffrength and du- 
rability. The tame procefs might be productive of the ftune effects, 
if employed on cordage made of the materials (No. 5, 6, 7, 8, 
and lfO> fpccifidd in thefe es^erlments, which induced me to re- 
commend its -bring tried with Ibn cordage, in my* letter to the 
^oa^id of Trade, in Auguff* 17^7* ' 


Another 
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*Anolher pomt of (&e atoioft importance to be aicertaincd U Whether tan 
whether tanned ropes will be preferved by the Ian, with whicn 
they arejmpregnated, when flovredaway wet; as taned ropes 
, are^referved by the tar when lb cfrcqmlianccd« It is never- 
thelels a well-known that tarred cordage, when new, is Tar does not 
weaker than white; and that the difference increafes b\ thc^* 

'Vng. Ta^ can theijefore only be employed to prclerve cordage, contraiy. 

*%nd not to Arengthen it ; fo that if laii will add firength, or 
even not weaken vegetable fibres, and at the fame tittie pre- 
ferve Uiem ; of how great atlvantage to the nation would the 
difcovery of a convenient pradticable procefs be. for all 
cordagct expofed (e be alternately very w*ei or dry, requires 
to be impregnated with a prefervative« And^ to conclude this Tar not pro- 
long note, I beg lasve to obferve, that tar is not the produce tropica 

of the warmer parts of Ada. Are we, therefore, to conclude, 
that no material, the produce of the(e parts, can be applied 
for the fame end^ l^et ii$ not oniertasn any fuch idea. Nature 
is abundantly kind, and furniflics every country and climate 
with whatss moft proper for the ufo of hsnnhabitants. 

The annexed flatemeni of the experiments made on the Sutemeivtof 
fubflances there fpecified, can only be deetped an 
towards afeertaining their lelative ftrength ; end though they 
are the average refult of feveral trials made on the (Irength of 
each cord, plain, tanned, and tarred, yet I mull acknowledge 
they cannot be deemed any thing more than a firft elTay, chiefly 
owing to the lines being in general ill laid. Tome more and fome 
lefs twilled, and by no means to be compared with thofo of 
Europe. For in forae inflances, I found a fmali one fuflain 
a greater weight than a much larger, made exactly of the fame 
materials. ^jHis therdfbre my intention to repeat them on a 
larger fostle, and, irpoflible, with belter made lines; for 
every thing'depends on their being en^ly of the f^mefizG and 
degree of 4wffl. 


COMPARATIVE 
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The cords when the trials were made, h^d^^lmeea kept about* 
fix months after they were prepared, diieny v\Mh the view oi 
allowing the eiS'^dfs of ^he tan and tar to take place. The re* ^ 
iult of Ihele ei^periments fiiow, llial tan ha^ in general acldetit 
firength, while tar has had a r^aittrary effect'; and in no infiance 
is this more clearly evinced, that in the common hemp (Can- 
nabis) culuvated m Bengal. 

l^^nd Coir. Xo Ejoo end Coir, neither Ian nor tar Teem applicable; and 
fn feveral of the oilier experiments, d h^ not a fuflident 
quantity pf the fnateriats to make*tlte necefiar} number of 
cords, via* fix of each iort^ to try with tan and tar, as well 
^^iSTtheir natural (late. At fume future jteciod, 1 hope to be 
more fortunate m procurmg larger ropphes of the materials, 
and atfo to'add fi>fne other other iorts,. fuch as the — 

Bbw-ftiing fibick Rajemahl lHHv41ri.ng $bre, the produce of a new fpccies of 
Afclepias, difeovered by Wjlliam Roxburgh^ junior, aroongfl 
the Rajemahl HifN; 

New Z'-aUnd New Zealand i^emp ; 

**®*”*‘" Hifbirius Cannabinu^, and foroc other of the fame natural 

order (Columnilerm) ; (for in general thoir bark«i abound with 
firong fibres ; witneU the ioregoing table, w here fix of them 
are to be found) ; * 

The leaves of a new fpeties of Andropogon, &c. &c. 


APPENDIX, 

Contuin%il§ Jtemurhs on fame qf the Plants maitwned in thefare^ 
going Tabtt. 

]t<rinuksaa 2. Hemp, or Cannabis Satwa.-->Biu)ga, ip Sanferit , 

htnip. Bunga, Bungh, or Rung, oif the Hindoos ; Bang, u)f the 

Perfians; Kinnub. of the* Arabians, is no doubt our own 
famous plant, now to common and uleful in Lurope, • 1 havoi 
at dificrent times examined various figures and defer tpt ions, 
as^well as the plants reared from Em ope leed,*CQm paring them 
with our Indian plant through its varsons dpges, and Can dif- 
• cover no difference whatever, not even to found a variety on. 
perhaps few vpgelableii, fo widely diffufed over almofi every 
part of the known world, and under the immediate manage- 
It is weU known nientHofajOEP, have undergohe lefs change. It is*perfe6lly 
familiar 16 ati the nations of Indiai I majr fay of all the warmer 
* pwts 
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parts of Afia 5 jjnet I cannot difcovcr that the fibres of the bark 
have ever been eraplojecf for any parpofe. It is cultivated in 
^^all quantities every where» on account of its narcotic qua- 
^ *The leaves of the tnale plants and flovveu of the icmale, 

are tive parts in mod general ute. 

IJiave repeatedly applied for the feeds of all plants reared Chio^ 
in Chma» and other countries to the Eafiward of the Buy of 
Bengal, as welt as to altnofi every other part ot India we have 
any communication wtih, for an account oi the plants em- 
ployed to fupply mateiials lor clothes and cordage* and for 
their feeds ; but co^ld never learn tliat Cannabis was oii^^ 
them ; nor were its" feeds ever fent to me as fuch^ * 

No. 4. The great Arength of this febftance makes it a very Ej«>i very 
definable obje^* For a defeription and drawing of the 
1 refer to ihofe* which acroiDpanied«my letter to the Moft 
Noble the Governor-General in Council* under date the 2d of 
January* ?80d. The fibres employed in^thefe experiments 
were taken from tree<i growing in the Botanic Garden at Cal- 
cutta, where they thrive well. I could oblerve, during the 
trials made in breaking the cords ot (his luhfiance* that they 
were not fo elafiic as thole of Coir* vt^hjeh will probably 
render it Icfs fit lor cables, but better for many other nfeij. 

Coir is certainly (he very beft material yet know'n for cables* 
on account of its great elafiiciiy and (Irengtb. 

Nos, (), 7, B, and 9m Tliefe four plants have already Other planti : 
been figured and deforibed by me, in a memok fent through 
the Governor-General in Council, to the Hon. the Court of 
Diredors. in December, 1795. ’ Since writing that paper* I 
have leareed. that JUn (Crotolaria Juncea) is aimed univerfaily Theyh« 
empUned# over tlie warmtic parts of 'Alia, for cordage. 
the Malabar coafl, I find it is generally naihed by the gentle- 
men at Honibav .iftor the pro vinrc«iy here 1 eared. It is ufeditl 
Shat pkirc for lacing (heir cotton bales, on account of its great 
(Irength. Samples of three forts, vias. Malwan, Rajapore, 
and Salfettc, were lent to me, from them, by Dr. William 
Hunter; and am induced to think, little or no maceration is 


orerot 

juncea. 


* ^ former fer* No. 117.7* fent in to Coverument oU the C?3d 
ef November, 1797, wefe not /o correft as could be wiihed* on 
account of their having been taken from young trees*. Jnfi toikiing 
into bloilbm the fird time* '* 


employed 
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Panflti of th« 
Bcogalefe j 


beauti^jTbnt 
weak iiUies* 


Flax cultivated 
in Iidia for Ha- 
fetda ool} • 


employed in taking the bark ffsom tbeftalks^ 01*^10 cleaning the 
tibr'C'^, which iriay add to its firength: * for certainly tnaceretion^ 
particularly if lon|f continued^ mod weaken frefli vejgeta 
fibres confiderably. The faine gentleman* Tent me feeds of IM 
Salfette fort: they have produced plants now in bloflbm» 
and from them hav& aCcertained the identity of this fpecies. 

In feme parts of Bengal a moft lu^curiant variety is cniti. 
vated irmn^iately after tb6 rains, which ofiien grows to the 
height of twelve or fourteen feet ;^w]nle iite common fort is 
generally- reared in Bengal during «the early part of the 
jg^/Cafon, and grows to only about ha^f the height of the 
''*^ormer. 

I muff farther obferve, that the fibres of Ihfo. 5, polTefs great 
ff rengf h, and it Teems to me to be one of the tnoff fit of any of 
our Indian produflionk for cables and cordage. I'hc plant 
glows generally to'th^ faeigbt of from fisc lo ten feet, the fibres 
long, but harfher iliOn tht^fe of hemp, if not cut at an early 
period. It is very'generaHy cultivated about Calcutta during 
the rains. An acre yields of the half-^cleaned fubffance (the 
date in which (he natives carry it to market), about GOO lbs. 
weight) and fells for about a rupee and a quarter per maund of 
m Iba, 

Ho. 0. By cutting No. 5, the lad-mentioned plant) vi»hcn 
beginning to bloffbm, we have the mod beautiful ihining white 
^ros that can well be conceived, but (by my experrmenis) 
greatly weaker that when the Iced is fuffcjed to be nearly ripe 
before the plants afre cut. 

JVo. 10. Flast, the plant, k verygeneratly cultivated during 
the cold feafon, over the interior parts of Bengal and Behar, 
merely for (he feeds, from whlcli ott is qbtainedf The flax 
ilfelf llie Hindoos fet no value on ; for, afier they h|ve ga- 
thered the feed, they thro*'# away the dalks as ufelefs, having 
no knowledge of the fibres which (heir baik yields. ^Samples 
of the dux have repeatedly been procured ^by the Board of 
Tr^de, and font to England to the JHon. Court of Directors j 
fo (hat it is from England wc may expe<Sl to learn its properties. 
If (heflaK has been found good) large quantities may be reared 
at a fmall expenfo; the feed alone, which the crop yields, 
mod faye more than equal to the kharges, to render it,profitable 
to the formt^r« ' « 
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M?,. 1 1. Tbw Agava U of (low growth; on that accoirat I Ag-wa Amen* 
^oubt if ever itca« be advantageouflj cultivated ; but, 

[j^nd uiltl in plenty^ U may be manufactured at a trilling ex« 
fp&hjp. Its great (Irengih renders it ap objeCl worthy of aUen<* 
ti«>n« The (ibres are coarfe, coofeqaenliy rope made of them 
har(h to the feel. 

No. 12. Drawings, and a defertpiion of the plant Alelris Afetrltnemlbs 
Nervofu^ Ro\h, tlie method of extracting the fibres^ with a 
quantity of (he fubflatice itfelf, mere fent to the Hon« the 
Court of Dire^ors, through the Madras Govemmepl'/above 
ten )ears pad. f alf^ gave a large quantity to Mr. Bebb^ w] b|^ 
he left Bengal to January^ ISOO, to take to England with hiin^ 
for trial there. The plant grow*i fully a^ well, and is as oom-' 
mon as on the Cotomandel coalt. There has lately been about 
a biggah ftbird pf an acre) planted out with it in the Botanic 
garden, the better to determine the expenfe, apd the annual 
produce of any given quantity of grounds 

No. 10. Tlji<« plant, a native of various parts of India, New" Abromaau- 
South Wales, Philippine IHands, &c. has been long known 
botanidss; yet 1 cannot, with all the attention that I have been 
able to bedow on the fubjoCI, find that the fibres, fo abun.* 
dandy interwoven through its bark, have ever been ufed or 
even taken ooticc of by any other perfon ; fo that 1 think we 
may look upon it as a new difeovery, defer ving of more than very prormtihg, 
comfoon attention, on account of the beauty^ fineqefs, and 
ilrengdi of the(e fibies. * 

It is perennial, grows luxuriantly in the Botanic garden, andlt« growth* 
has been cut down twice witbin^thefe fix or feven ynonlhs ; fo 
that I thiqk it will, at JeaB, annually afford two or threecrops 
of (lioots fit for yielding this fubftance. My experience does 
not yetsenable me to Bale bow much may be the yearly produce 
of an acre, but can venture to prognOOicale as large a produce as^ 

<ton be obtained fromanacreol Dancba, Jute, Sun, HemporFiax* 

To render this baik feparable from the half^ligneous (hoots HTicatment tv 
covers* to fo.ten*: is external lamina, or cpidermes, and fibre, 

parenchymatous fubflanoe w'hich firmly coiihe^s the fibres in 
their natural Bate, maceration in Bagnant water for from four 
iQ eight days, during the warmer parts of die year, anfwers 
well whilB three times at ampy^days are fcarce fiifficient during 
the cold feafoti ; indeed, the A is fcarcely practicable then ; 

befides, the fibres are ghi^ily weakened by the length of the 
jnaeeraiion. 


Imifiediately 
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Immediately on being taken out of the wetter^ end Whi^e # 
wot, the Aioots are ilngly taken the hand> ^ubb^ wiihi 
foniie roarfe materials fueb a^ a little dry grafs or 
remove the exterior pulpy lamirtti or epidermis of ihe'^wk/ 
which IS deftifiite of fibres. This part of the procefs U eaftly 
efiTedled ; and wlieii donCt the clean fi]<!iot^are to be made up 
into fmall bundles, and placed under weights, or (bme other 
equal prefifure, to keep them Arm at the middle and top, either 
under the furfacc of the waters, or out of it ; the fibrous bark 
is then*fcparated with the fingers from a fi^all portion at the 
^ of the ligneous (hoot or flalk, whioh the operator takes 
hold of, and drawA out one by one ; When thefe are removed, 
the pulp, or parenchymal which filh the inler(licej» between the 
fibres, ind connects them together, fbnning in the fiy'ing plant 
that part of the bark which may bc called its inner lamina, or 
cellular titfuc^, is immediately walhed out hi cold water, and 
the clean fibres fpr^ad out in the fun to dny^ Such was the 
fimple procefs^ by which thU fttbfiance (which may very properly 
be called Indian Hemp or Flax) was prepared. 

I have now under cultivation about the third of an acre (a 
biggah) of ground in the Botanic garden with this plant ; the 
, reblt ibalf be carefully noted Ihom time to time. It might have 
been prudent to have witliheld this account until that time; 
but the Along defire of making known a dtfeovery, which may 
in a Ihort become beneficial to the public, induces me to 
be thus precipftatc. 

For a farther account of this plant, I beg leave to refer to my 
drawing and deign ption therec^V feiit to the Hon. tlie Court of 
DireAors foroe years ago, and numbered 115. 

, s W. ROXBURGH. 

Botanic Carden, near o 

Jan, 31, 1801. 

Jdditional Lxperiments on the Sirei^h of Sun, (No, VJLJ 

A^donal ex* Some tanned taiUlwine, made of this fubfiance four years 
onthe for (})e infpedtion of the Marine Board, was made into m 
o j n. three Arands ; each of the Arands compofed of four 

threads of the fiul-twine. ' * ' 

Some more of the fame fail-twhie, tanned twelve months 
agb)» was madelnlo a fimilar cord» a;bd h'flotber u«s made of the 
white ahpfepared iwme. 

jThe 
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T}tefirft, idijch hud been fanned four years, 1 lO 

SSs, Vvfica dry, and j«v4tih,lS0 11^4 after having been deeped in 
dMibr 24^ hours. 

, fccond, «vh?eh had bdtefi tanned ono year, broke 
with ^$23 ibs. when dry, and wtdi 140 lbs. after fteeping 
hours. 

The third, or'^lain whke, broke with 11-$ lbs. when dry, 
and with 222 tbsi after fteeping 24 hours. 


^ Difbnplioii qf the Bamrian Metkbi qf eeaporoSstiig SaUne 
HTokire. By d#. Boif^AkD^ 

’X'hIS new iiffethod, pia£iifed in Bavadrluii ha< been intro* Bavnian mc« 
daced mto the fkft <*ork tlftMoytuMe, by M, Cleifs, mfpedtor bating 
ef the falt^work^ ckf Bavaria. WAUr8« 

The p^n4 are eornpofed of fquare plate* of caft iron, of 4 
mitiimetres in thicknef^, and 4.76 eenttmdtres on each fide. 

Thete plates are joined^ ty* ^efr edges, which aro turned 
downwards, and confequenfly without the pant they hre 
folidiy united by a piece in *Hhe form a tquare gutter which 
^ceives the edges, and is foenred by a gibist number of 
Icrews. 

An evaporating houfe is cotDpofed of (ix pans, of this con- 
ftro£liOA, difpofed in tww row*; but thefe have diftbrent 
utes, wiiloh require # pafticular arrangenMt. 

That in the micliHa of the back row is (he fmaUeft ; it has 
no partfeuiar hic-placb, bbt it I* healed by the junction of the 
chiinnies from the other fire-placestv The faU<*water depofit* 
its iropunties in it ; ft t<« called (he fihall pan. ^ 

From the nha1l,paii the htU nater paftbs into the graduating 
pan, wiudii is lower than the firft, an^ placed in the middle 
of the front row ; it »» there kept in a ftale of conftant ebtdli- 
tion : U)p water is concentrated in it to 20 degrees, and de» 
poftiba pM of its fulphated fime. , 

From 1^0 gradUutMigpaA*^,tb^ ^It water pafteS into the pro* 
paring Hviucli Whr fhin it, qnd fitjlated^ait the two 
eMI^iMn* nf tne back rW ; <here U is affo kept conftanily 

, boiling, 
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boiling, it is completely concentrated, and depofits all its ful- ^ 
phale of lime ; it is then paiTed iplp the cryllaliizing pr.nsi . 
ftill lower than thofe of preparation, and placed at the tW 
tremitics of the front row : there the water fcarcely boil^^n^ 
the lalt cryftalliz^::^. 

Each pan, with the exception of (he^fmall pan, has a par* 
tioular iire*place, the chimnies of which paf*! round the (ides 
of the pan : they unite under the fmall pan# by which means 
there is little heat lod* ^ 

Thele pans are placed two and in chanibcis of wood, 
joinings of which are well fecurei^^ which clofe them 
hermetically : thefe chambers are loiio and their ceilings are 
perforated in the middle with boles terminating in a lube, by 
means of which the aqueous vapour is c^ifengaged with rapt* 
dity. The chambers for the prepanng and crydallizing pans 
have their ceiling pyramidal# or in the form of a revet fe hop. 
per, while that for the fmall pan and the "graduating pan is 
horizontal. 

The faline waters are pafled fucceffively into thefo four 
kinds of pans ; the workmen penetrate into the chambers, in 
the midft of the vapour, to open the communications. ‘ This 
operation is pci^furmed every ^iiK hours# and the water in each 
pan is refiored to the level at which it (lood lix hours before* 
Every three hours (he (kit in the eryfiallizing pans is colledled, 
it is brought with (coops to elevations on the front edge of the 
cryfiallizing pans, ^where it drains; it is afterwards carried 
into drying rooms, which (urround the outhde of the chambers : 
thefe arc fpaces covered with iron plates ; they are warmed 
by heal*iubes leading from the fire-plae^. 

Every eight days they take away fixe fulphate of lime, 
throw out the inoiher*walersi and 1>reak tiic (hell, ^bat is to 
fay, the incrudations oC^alt which adhere to the bottoms of 
the pans. : every twenty. four days the work Isentirdly (topped 
to repair the pans ; an operation which is perform^ by the 
workmen themfelves. 

It has been found that this method of evaporation affords 
a faving of more than one-third of the fuel. 

An improvement has lately been made in (bts procefs at 
Dieufe: the fmall pan has been fupprelfed, and^the drying 
rooms have been replaced auxiliary pans, in which a coarfe 
fait h made. 


^The 
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heated drying rooms are ufelefs vihen the humidity of ^a\anan me- 
(he^lt arffes from the mtiriate of lime it contain^. i^ung 

HA. \ W4tcat&« 

H; EiKplioation of Ac T^ec ///. and IV. 


Pig. Plan 6f the pans/ ^ ^ 

hJo. !• Small patn/ 

No. 2 . Graduating pan. ^ 

Nb. S. Preparing pan. ^ ^ 

No. 4, Cryl^Iltzing patv 

The aifpofitmn of thtf plates of Iron uhicifi pompple theU. 
pans, Ik Itiewo In No. 2| ^ 

a, e. fifevatibn^on ivh^'oh^tbe faltls placed to dlrain, as it ii» 
taken JTi'om the crvfiallizinf; 


Wooefen parHtions wbllch^ fe] parate (he chambers, 
c, c. c, A raifed woc^en led^ whhjt^furrounds the pans. 
Fig. 2. Se&ion^of ^be et'aporatinij; chamber which contains 
(he pans I and g» 

4f, d, d. Heat" Inbes which gilre l^at to (he fmall pan, and 
contribute (o heat ilbe others. 

C, e, Pire place for tlie pans. ^ 

i, i, L Pillars of cafl: iron und^ the gratings g, g, g, which 
fupporl the bottom of Che 
h. Wooden chamber vvhwti CQjntains the two pans. 
k. Opening by which the vapours efcapp, 
tig. 3. Se^ion of the evaporating chamber w^hicli contains 
the pans and 4. 

a. Elesalton on which the (aft Irom the cr^ftallizing pans is 
placed to drain. * 

The other letters innate the (ame parts a:s in the preceding 


figures. 

Fig 4.* Method In whicii^the plates of iron are joined to 
form the pans. * 

2. 7'he fron plate. 

h. The iion gutter which receives the edges of the plates 
Aiul is rtrongly fallened with ferews. 

s, i, PilUis of cafl iron which fupiiort the bottom of the 


pan. 


I^oi, ‘Xl*-- ISO*. 


^Letter 
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XI. . 

Letter <if Inquiry rejpeding ike late Dr, Irvinb^s 

Erperimeni on the telaivce Capacitiet for Heat of Ice and 
fVaterm With an Anfwer by Mr, 1 E v i N £• 

A. CORRESPONDENT would be much indebted to Mr. 
Nicholfon if he would convey by pubfication in his Jourmil, 
or otherwifCtf the following reqaeft* to^Mr. Irvioe. That gen- 
perimenton the j^emati in hia paper in the Journal of iaft^month * mentions his 
and*wa«r!*^ ‘^-^^aving in hia poflclfion the experiments of Dr. Irvine on the 
capacities of bodies. It has always been a wifh with thefe 
chcmids who have attended particularly to this fubjed to know 
in what Itoanner Or. Irvine made the experiment to afeertain 
Chance <sf foim ihe compafativo capacities of iee and water. If either of the 
thc'refolu'**”** bodies during the experitaent change its form^ 4f the ice were 
melted, or the water congealed, it becomes lefs decifive, as 
it may be objeded by thofe who maintain' die opinion that 
latent caloric exifts ifk bodies either in whole or in part in a 
fiate of chemical combination, that the refult might arifefrom 
\ fuch a combination, and not from a change of capacity. But 

I if the experiment were made in (itch a manner that no change 

^ of form took place, which though difficult is poffible. Dr. 

Irvine’s theory, w'bich is fo much fuperior to the otbmr, is un- 
equivocally elkblithed. It would be conferring a favour on 
the chemical worldf if Mr. Irvine would take the trouble of 
ikying in what manner the experiment was conduced, pro- 
viding fueb a notice woaihl not interfere with the intention he 
has announced of glvit^ a more fiiH account of his father’s in- 
veftigations, an accoonl which would be eagerly received by 
chemifts. 

September 9^th, 1803. 


Iteiiueft that 
hir. Irvine 
would deferibe 
hii father's ex- 


Reply by Mr, la vine. 

The experiments WITH regard to the enquiry of Mr. Nicholfon’s correC. 
witholftTein poodcnt, it would give me pleafure to inform him of «any cir- 
liabie to the'^ cum(hince within the fpheie of my own knowledge that fiiould 
objeaions before tend to add to the iiluftration or proof of my father’s theory. 

dated ; ^ 

♦ Sept. 1803. See our Addrefs to Cortefpondents of isd! montf . 

•There 
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does not feem to mo any difficnlty in explaining fatis* 

( fad^ily how experiments on the capacities of ice and water 
conduced without being expofed to the objections 
above Rated ; at the fame time, thdiigh thefe experiments may 
be concluiive as far as they go» 1 have not been accuftooibd -—but msj aos 
to confider them as altogether fo deciRve of all arguments upon 
tht:» fubjedl. 

In a general way than the experiments of Dr. Irvina were Account of Dr. 
conducted in the following ^manner. The capacity of water 
being taken at unity, pains were'ufed to afcertain the cap^i^^mg. 
ties of mercury, riv& land# pounded glafsi and iron Rlings, The capacities 
with refpeCt to water, and confequantly to each other in the 
ordinary manner* It is at prefent of no importance what pro- giafs'a^ iron 
portional quantities of the materials yrere employed, taken^ with 

being done, the capacity of one of thefe fubilances was ex- reipcA to watw, 
perimentally compared with that of pounded ice or fnow. — 

Every precaution was ufed to enfure fuccefs. The weight One of thefe 
and capacity of the veffel was determined, and the colder and ^IneVagainft 
hotter body alternately added to the oth^r. The temperature pounded ice at a 
of thcKnir was always below 32, as was that, of all the mate- thTpIacc**IiJwam 
rials and of the veflel. No waier could therefore be formed, under 32 *. 

In htb Aril esperimenli 1 believe Dr« Irvine ufed mercury, but 
afterwards 1 know that be preftrred iron filings and fand. For 
example, if the vefTel and room were At U^, let half an Example* 
ounce of powdered ice from difitlled wateri at temperature 
30^ be poured on four ounces of iron Rlitigsat let the 
temperature of the mixture be noted after Sirring, the due aU 
luwances made for the beat gamed by the velTel and the air, 
and a proper calculation made. Let this experiment be re« 
vei fed by^cooting the jee (ts 11 ^, end pouring the iron filings 
at 30 ^ upon it^ and let a calculatie^ from this be compared 
witj) the former and corrected by it. Finally, let thefe ex- 
periments be compared with others where diderent quantities 
of materials are ufed, and of different temperatures, and you 
have a view of the method employed for determining this point 
by Dr* Irvine, which does not appear to be objectionable upon 
other grounds than all experiments for afceftaining capacities 
are, none of which have any protenfions tp perfeCt accuracy. 

Dr. Irvine was far from being fatkfied iKat Ins experiments 
were mathematically precife. But he uniformly found the ca- 
pacity .of ice to be lei's than that of water, and that in a greater 
ratio lUan is generally allowed. 

' E2 
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The common WUb rdpe^ io the common motion that estperimenti on 
witer bring ^ mi'Hihg it with water, it 

directly applied gelher latfe in the cafe of Dfi^ Irvine. No doubt tbiji HEwy^liiC 
iintounded'and theoretically. It ia enfy to fay that ice lofes fo many do* 

impraaiwble. grdoa which heat water only fb many* But then no ice mnibbtti 
me4ed| which if not impofiible \% extremely difRciiIU or what 
is equally fo, the quantity melted muft be found, and an al« 
lowancc made for the latent heats which is kfelf not precifely 
afeeriained, at lead not with faSci^nt acoaracy for this pur-» 
pofe. I have only to add that this genilemaj/a enquiries would 
"hAve been earlier noticed if I,liad beqn informed of them# 
which I was bnly a few days agoi > 

W. IRVINE. 

AprU, ld05. I ' • - 


Short Account of feme ifjf f/ie mofi re1hO/rkahk FttBi and OhJbrvU* 
uOMm in an Atrffiatia Voyage^ made from Peterfiurj^h, by 
Meffra* RosaRTsoK end under the SatrSthn 

qf the imperial Academy^ W. N. • f 

' V ' . 

HE notion of aeroflatrc voyage performed by M^fTrs* 
Jurghl!"' ^ Roberlfon and bao)|alrod' fiom Peterfburgh, under the direi^ton 
of the imperial Academy of ^Sciences, June 30, 1804» of 
which fan abridged aocouid was giiatn Io the National lnAt|ute 
qf 'France*# is s^ery folps-eRingy froimthe/fcientiific views^ and 
conduQ ^of the ronnegqrs Lpwita and Robertfoo), es well as 
for its other particulafjsd ^ s • 

Afeentof the Their balloon was ajpbere of dO/ftet dsemtOTk^nd rofe 
obfervers, * quartet pail (eten^m the evemiig, Iwilmhe itfcenlioc^^ 

force of one pound, the whole weight d* foli#eDatter (include 
ing 1 10 pounds of faivd for ballad} being 622 pounds. When 
they were over the river Neva, at tlie elevation of 108 toifes 
or 620 feel, they defeended a little by the condenfation qf 
the gas; but rofe again b) throwing out a little of the ballad* 
The ufual phenomenon of a flow rotation of the balloon pre* 
tented iltelf, which doublfefi arofe firom the unequal a6lion of 
the air againft an irregular furface, as we fee in moft 'Other 
bodies riling or falling in a thud. 

Infirted in the /innales de Chimie, L|l, IJl. * 


But 
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one of the ilr^king clrcMudaiHoefr attending ^his Their 4l!re£fcio 
la the rational nwana which thefo phllofipp^rs fhade 
^ aiftd in a ceMaiip 4^gr^ to reguU^ their coarfe. 

^ inftrunfeetf^ a log and a (elefcope. The ^ 

log epntifted of two Qieets bf y«ry thin paper, hUcked, and -»of papeti tb 
fixed a^ right anglefc lo epvch ollw hv a very tight crofs of 
wood. Tin* wea iMl^ended ^fonf thcif car by a firjng of fixt^ 
feet iP }eagtli»'iii|l|d ^ofdiag a different reiiftance to the air 
from that of the ballooh it^fit UiXtaafoi^ndto^ draw the fifing 
out of the petp^hdioulaa difle^oa# or a* the narrators fay, to 
/aifew life Mfi^ »\ that by its portion determined by rpm- 
pnif^iliiey cogld whht tfeey W«;re purAiing. 

It alfe^fhewed Hs rife and fell whether the apparatus 

was defeendipg be afeeoding, before tbeir barometer 1^4 
cated the fiighteH ohange, ^ 

Their tefefeope was appfe^ to fedW Uw d$redton of their Pc rpendteutar 
coufle, and amfi have much ^lefs tfabjed to doubt than ' 

their log. lu ajppHcatiort would be aniverfel and perfufl, it courfe and vei 
the earth could be feen at al| times the elevated regions ol 
the atr. It wa^ diredied perpendfemarjg downwards by means 
of a plumb-hne, and havif^^^iiplgl^fiderable magnifying power, 
the ot^e^s upon the rurfa^^*"fhe earth were ieen moving 
acFofe Its held of yieWi and their direQion would emfi clearly 
afcertaiti that pf the car itpnfr and aUb its velocity. If, for 
example, t|>e magnifying power were fifty tunes and the field Inveftigattono 
of view one degree, the vifible fpaoe^^luded in that field ‘ggy^acy'of mis 
from an elevation p( iwo^milet; would bb about 180 feet in di- method, 
ameter, in which iOr inchgs broad might be 

\eay welt difiingoife^ tlu^mgh jB atmorphen^l and 

at fp IpwaVelocity^ pup mileanb^fm whole fiiftdftf view 
would be^pai)e4 oyer in a^^fust t wdhfe fthbonds. Henfta we fee 
that a confidftyj^e degree of accuracy, 

and will fipt leqtitre any,;^eat power magnifying 

or delicacy bf observation. The compulation would be founded 
on the following problem, which will not prefent any difficulty 
to thole who are acquainted with the(e Subjects, if the phyfical 
allowances for temperature in barometrical adOteafureinents be 

admitted Ip b^oorre^ enough for this purpofe., 

*' • 

t Or rather, peihnps, becaufc nol exa^ly in the fame cofrent of 
the atinof r>hei e. N. 


Givei 
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P^oWem for Given the temperature ^on the earth and in the car/fh<t 

of of the barometrical column, and the time employ^to^ 

balloon by obf. the apparent tVanfit of an bhjed on the earth through 
through a tele- or field of view| to ^4 the velocity of the ohferv^ . 

Tabulated refults For pfadice it would p^^rhaps be fufficiently ektL& antfcCmi* 
for praftice. venient to compute a fmall table, in w'hicb, negle6ttng the fem- 
peratiire, the velocity m roilcii per "hour mii^t ' be had by in* 
fpe£lion, when the height of the mercury, tlii 4iiiie of tran^f, 
"and the magnifying power were kljowb, ■ 

The obferved The aeronauts having noticed by their inBrumehts what 
coarfe, dec. were (he direction of the currents of air it difliirent h^j^to, 
found themfelves in oiie which carried diredtly twards 
the Baltic. ^ They therefore defeended till tht^faw by the bi- 
rometer that they bad returtiedlo a current which cartted thetn 
inland; and afterwards again rofe ifiitch higfrer, and law with 
great precifion by inftarfe^ oiP their quilling 

A pigeon let the gulph. When* the %ir0ttM5ter 4ood atJ^hChes they let 
go a pigeon. Who flew wKh difficulty and ^l^ld not, quit the 
balloon; but Upon" endekvhiWeU 
to regain it, and at length dlfoended rapidly^dwards iheear^. 

f dip of the At ten at ingh( the balloon hUd nfolif to an height indicated by 
netic needle the mercurial Hhe thermometer flandihg 

iVin at 4| degrees (I fappofe 4hntij^ade), ' Here it was (bat M. 

Sacharoff carefully d^erved a ^iHenomenon.wbieh had been 
before remarked b)^; Robertfon in hhi afeent from Hamburgh, 

. but at a much grefi^r elevation. Their dipping needle was 
deranged ; but on^infpeding iiite etymon coinpafs, its ne^e 
w4s found to Ife no north end being 

Thlsniay afford elevated D^ar remark 

HHTSe" hd,'hft, the'j&a^nefc fijiiare 

frc. of the dmance may all^^iii^ditKwl^eans of dtrbfiftigfutare 

obfervers in the atmofplferijr/ and eveitfAaienii m l^ 
independently of (he bafSineier. ' elevation 

a pigeon being thrown downifell fo diredlj^tliaVit Was doubted 
whether be could have reached the earth alive. 

Singular ec^ Pathncfs Coming on, it became neceflkry to deicend, during 
of the voipf whi^ the ohforver repeatedly made an WsperimeiU which alfo 
earVh a^rthe'dtf- pfowifes to boof great utility to voyagers in the alir, as well as 
tanceoi two (o eulighlen our conclu^ons refpedting the phenomena of 
found. When ihey fpoke through a trumpet directed towards 
the earth, (he voice was returned with extreme precifion and 

without 
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wUhoct feemlng to have loft any part of its inienfity. No re- No echo but 
fjmlion was made eiK^t when the trumpet was directed 
jtfieWrth; and., the intervals of refte6tion were diffi»renl ac- to tho earth. 

to the elevaUon of the obiervers. The percuftion im- 
preflhd on the air by the found every time produced a flight 
mdalation in theaeroftat; whence they deduce an inference 
in hivour of the %>pofed^ dGScacy of cannon in partly modify- 
ing or avifsrting ^e difcharge of ftormy clouds. In one of their 
experiments, the found employed ten feconds in its return, 
which would give a diftai^e of about two miles out and home, 
if lUie . fame, law of^tbe. velocity of found were Tuppofed to 
prevail m,thc perp^^ular^cpur^e as along the furface of the 
earthy which however does not feem likely. The barometer 
ftoodihen at 27 inches and atiheir out&t it was at SO.inches 
on the ground. . It woold be eafy, and it is furely deflreble to 
make experiments with cannon and ftop watches on the velo* 
city of afcendtiy;^ ,and if ppflSible, defeending tound. 

This refle6tfdl| Ol found .or echo is a fubjedt of very great The ftrength cf 
Qurio^y. There is perhaps no other .infianoe in nature where /depended 
jCp extended a waUrOf refl^ton call be. ^d. I am difpofed to on the ^llnefi 
think, that the apparent intenfltj^ o(^ the returned found may in®^ thefituation. 
fome jmeafure hav^ depeniiMeo theperfe^ filence. in which 
4be fpeakers were, placed^ . la a ftilt night the centinels on the 
ramparts at Portfinoulh may be heard at the Ifle of Wight, 
overadiftance of fiye miles, and there^|mi^ttmerous inftaaoes 
,of low founds, fuch as the beating of a..(dbck or watch, or the 
.founds of foolfteps beihgJbeaiPd tocpn&derable diftances, when 
other founds do prg^n of fenfo*^ 

fo , tbw de(cent4p the earth .thf^ipatfed through various Sudden rife of 

ftre^a^ W^urs, i^ of diiferepi l^p^ and at the in- 

ftikflt foe camp fobimi^eter ftarted up through ^ ^ 

feverhl quitted a cc^ mafs 

of vapoilir^4^|atb^^ their or perhaps beeaufe the 

radiant the earth’s farlace might at that moment have 

reached them unimpaired* 

e 8ee a curious paper of M« founds with the 

tiont fof^on^ tn the flrft Vol. of otrr'<^uane Joiunal, pag^ 
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MR- c:tiTif««s^'sON*ON ELSCTRICIIY, 


Letter from Mt\ Cuthbsrtson, containing Retnarks 

Wm. Wii4SON*s anc( A/r. rtfAUv’s Experiments on tft£ klec- 
tricity of Metals, 


Dear Sir« 


To Mr. NICHOLSON. - - 

Londm, 54, Polmd-Stre^^ 
" Aprii2^ 1805. 


Mr. ■Wllfon’s In yopr valuable Journal for January, < page 42, you hav« 

*^r "J**”^** favoured u«* with a letter from Mr. WiUbn, containing fom< 

^ * experiments which he calls, exhibiting the eleflricity of mrtah 

nf enpner fiftccl ]Vfr. Wilfon fays in his table of experiment"*, that coppei 
’hio’ 1 zinr, fijingg iifted through zinc is pofitively eledlrihed : this is ar 
error which 1 thought myfeif obliged to take notice of, as i 
IS a direct conlradidtion to what I have aflertod in my examina* 
lion of Sig, Volta's expertmentSf iihich he caUs fundamental, and 
on lihich hSu theory of goJvfinifm lejU ; fee this Joui nal, voh 11. 
i n^uveited page 281 } lhave faki therein, that If a plate ot zinc bdfepa-.- 
pcfuiriuViflon- ® coppet 01)0, it Will be pofitive, confequently 
t and r< iM« !• leave the copper negative if infulateilr whether thisexperi- 
ment be perAinned as 1 have therein mentioned, or according 
to Mr, Wilfon, the one reduced into filings, and afierwards 
fitted through' holealj^ade in the other metal, the olo^icity 
excited muff fall under the fame denomination, the difTerence 
w'ill be that the quantity of eleiSricity excited will be more by 
Mr. W.’s method than mw0, bettadfbil&'bas multiplied the fe-r 
paration«, a fa6f well igrprth nt>tice, ' * 

<'nnud and Mr. W/s chief obJe£l wview teemifij^ly, is to prtftre that 
lepvjtlon pro- (eparation of metals is the CHaftf of the electric fiifld beintr 
iiaLc, .excited and not touchtti|^* I canndt pbttetve thhk iheie ex- 
periments throw any liglH^ilpon (hat 'iiklbotS touching 

and feparaling arc here cun ployed. ^ * 

but ni tht r a In my tccon J voluiiu* on ele6lricily, pubfiflied in Amfler- 
wdlnoaior'. Jam, aiiiio 1732, 1 have proyec) by expeiiment that neither 
touching nor friction feparately employed e^^cites c)e£trjc fluid* 
iriftion and (eparathig jointly employed, is a powerful exciter 
of cleftricit) on glafs; touching and feparaling Jointly em- 
plo)ed on glafs excite eledtric fluid in a flight degree, and 
onl) when the ilate of the almofplieie is favourable. 

* In 


but ni th( r 
will no alor 



•crs'NTirxc ne'^s; 


m 

fn the Philofophical Magazine for Nov. ISOl, page 1 20, Hauy*s obf. o^ 

. we^ave Mr. Hauy's obfervations on the eleftriciJy of metallic ^^iccs^ 
,fubfb*nces: he does not inform us what fiiape his filver pieces 
were," or whether they were pij^rc or with alloy ; he however iaipcrfeft^ 
does not Mediate in pronouncing of it to bo pofitively elc6tri- 
ded by friAion; To that it does n6t fedni that he' has entered 
.very, wide into the fubjedt,' or he would have petcetved feme 
remarkable changes to take place in* that tnelal by fridlion^ Singular effe^' 
and particulairly in coins. ^Titey will change from pofitive 
negative, and vice verfa^* without any vidble caufe. ‘ If a doU 
Jar and a half-crown be Auck to the ends of two Aicks of 
fealing-waxp and rubbOd feparately upon woollen doth, thdy 
will be found, after the fetdion, foroetim^s pofitive and Tome- 
times negative, and fom^itnes one pofitive and the other ne- 
gative, without varying the manner of A^idtidn. If pure iilver^ 
or hlver with diA^ent proportions of* alloy, be melted down 
to a button,, and ufed in that Arape, or hammered flat, repre- 
ienting coins, they are f6r the mo A pbrt pofitive by fridtion. 

Thefe experiments* hpon metals are nbi new ; I believe they 
were, fir A begun* by Mr.Henly, and fnferted in the Philofo*- 
phicat Tranfadlions} but I have not ithe data at hand, and 1 
do not, not remember that he had dbferved the above-mentioned 
property of this, metal/ 


— zjrs ...=. r-i.':-. - j'-r:..,— !,■ . 'a,LT..T 

SCIENTIFIC NEJFS^ ACCOUNT OF BOOKS, Isfc. 
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1 - > . r 'j ' 

HAVE npt had pny late accor^ pf^ihe new planet an* Planet Juno, 

nounced^t page 301 of oi^yStlb (Dec. 1S04>) in a let- 
ter frofh M. Bo4p^ , W*"* Hard- 

ing of llilienlbal; Bremen, not then mentioned. — 

For the prefent I give the follawipg nofes from the Journal de 
Phyfique, TbermiSor laA,. 

On the 3th of September, ISO-l, its right afeenfion was 
I® 52'; declination 0^ J 1' north. - ,M.,Burckhardt obferved it 
“on the 23d bf September at 359^ 7' and 6', whence he 
concludes (hat the duration of ibi revolution is five years and a 
half. Its inclination 21®; excentlicity one quarter of its ra- 
dius; mekn dlftatice from the fun three times greater than that 
pf the earth, 

• Its 
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is 


Its diameter could not be meafured, bat it appeared like a 
Aar of the eighth magnitude. It teems nearly CQual to th^ffW , 
Ceres, or the planet difcovered by PiazaL 


Saxon topas 
4«nalyfed by 
Vaiujuelin. 
Brafilian by 
Defcouls. 


Klaproth Ail- 
covercd fluoric 
acid in the 
Saxon topaz* 

Sulphuric acid 


Dijlorery qf Fluoric Acid in the Topaz,* 

IN the year 1797, M« Vauquelin analyfed the Saxon topaz« 
and found its conftituent parts to be, Alex 31, alumine 88. 
Mr. Defcotils foon after exaroineck the Bretitian topaz; but as 
there was a lofs of 18 per cent, in hts hrA anal)r]s, and 12 m 
his fecond, he did not think fit to publiAi the refulls of his U* 
bburs at that lime; and other circumAanccs prevented hint 
from purfuing the inquiry, as he had intended. 

Not long ago Mr. Klaproth wrote to Mr. Hauy, that he had 
found fluoric acid in the Saxon topaz. Mr* Laugier made te- 
veral experiments to verify this difeovery, but without fuccel’s. 
It lb true m the analyfis with potath be found a deficiency of 
16 per cent, but though he reduced the topaz to an impalpa. 

powder, and did all be could to expel the fluoric acid from 
it by means of the fulphuric, he was unfoccelslul. Mr. Vau- 
quelin on his return applied himfelf to the fame lefearcb, and 
we here prefent the refolt of his labours. Not knowing what 
procefs Mr. Klaproth had employed, he tried that which 
Vau^elin feemed to him moA likely to fucceed. He firA heated the to- 
tr^a”with*pot. P®* cauAic potafli in a filver crucible in the ufual way. 
aflTand iulphu- After he had dilut^ the mafs with water, he introduced it into 
the Auouc ^ ® retort, and poured on it fulpbaric acid. While fumes foon 

arofe, and thefe, being coHeded, exhibited all the character. 
iAics of fluoric acid combined with filex. The latter came 
alrooA wholly from the fitme, as the retort was not perceptibly 
attacked by the acid. " • , 

The fame experimentVkh the Brafilian tppazgave the fame 
refult; and there is every Veafon to beiiei^eb that tfe Siberian, 
which Mr. Vauquelin is now analyfing, ;vill afitord the fame 
produfls. Thus we may now confider this gem as a filiceous 
compound, confiAingof fluoric acid, alumine, and filex, ora 
truealumino-filiceousflaate; and the difeovery muA be confi- 
aiumij^'filiceous jered as of the higheA importance in mineralogy. • 

* Bulletin del Sciences, No. XC. p. Sept. 1804. 
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Mr. Vauquelin next inquired what might be the dream- Circuraftance 
fiabce, that led him into an error when he firft anal^^fed the yju^ilhiinhis 
topaz; and he imagines, that it was his treating the alcaltne firft analyfis. 
^mafs with muriatic add, inflead of eropluyiiig the fulphuric ; 
shd that probably not heating it to a fufHcieiit degree to expel 
the fluoric acid, from fear of decompofing the muriate of alu- 
mine, he precipitated the fluoric acid combined witli the alu* 
mine, when he sulded ammonia to feparalc the alumine from 
its muriatic folution. * 


Examination of Cr%de Platina, Inf Mejfra^ Tennant and 
Wollaston.* 

THE editors of the Annates de Mufeum obferve, that pla- Piatina. 
tina, when taken from the mine, appears from the experiments 
of DefcoUls, Fourcroy, and Vauquelin, to be mixed wilh 
iron, chrome, and other metals, a^ong which may be one Or 
two that are new. Mr. Tennant has given names to two, and 
Dr. Wollafton to tvro others; but the French journahlls con- 
gratulate their epuntrymen for being lefs hafty, and wailing till 
they arc afTured thefe new metals really exift; 


prize Quc^vhs in France. 

The Society of Agriculture and the Arts, in the department Pr'^cqucftiims 
of the North, propofes for tte fubjedsof two prizes, which 
(hall be adjudged, the firft ii^e firft of Fru6lidor, in the year the colfau 
XIIL and the fecund ij^ ftie firft fortnight of Ffu6lidor, in the 
year XIV. tiic two ftillowing qo^fttoiis : 

Firjt Quefiion.^** What method of propagating, rearing, 
feeding,!»and houtfng tbeftieetp of tiieyace now exifiing in the 
department of the ought followed in this depart- 
ment, to tbefo oOi^is, equal in quality to the 

beft wools from Ehglifti fbeep ‘ 

Second Ttueftion^—kxi infe^ known in the country under the 
improper denomination oipuxeron. hasthisand feveral preceding 
years attacked and deftroyed the greater part of the flowers of the 
colza. — What is this jiifea ? Under what generic and fpecific 
name have the muft celebrated nafuraltfts deferibed it ? What 


^ bulletin des Sciences, No. XC. p. 234, Sept. 1804. 
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is its life, either m the f!ate of coleoptera in which it is fcnind 
on (he coixri, or in the (late ot larva i ‘What natural enenCipa, 
vrhat artificial means of deftruclion cai> be oppofed to it in 
either rtale? Cicnerally, vibat care can preferve Uie colza from 
iU ravages ?^’ •' J ' ^ . 

Each of ihefe two prizes will be tt^goid^eda} of the value 
of 1 bO francs. 

M .— . L i r nr ? 

Rujffian Cirtumiifixii'atiak. 

Jtisffian voj 7ge By a courier, e\pedited byth^^govecnor of Kam fehatka, news 

mund the woi'd. received at Peteriburgh on Ibe'^ t ft Sf December, that the 
veHels belonging to the .expedition round the world under tlic 
ordeis of M* de Kraieuftern^ had arrived, on the 26th of July 
laft^ at the harbour qf Peter ancj, i^aul, jn JCamftjhatka, and 
that, up (Q this tiipe had t^pt loft a ^ngie man 

of lus retinue, nor liad lUany^ftck in thp fquadron. In his 
voyage he had vifiied the ^laiquelas and Sandwich Iflands. 
JVl* Kru^iftprn pi^rpofed failing for J^pap, t^^uaids the end pf 
.^uguft. 

Etumpeins found At one of the Marquefas, wbpre the vcITels ftopped a few 
days, he had taken on board a Frenchman and an Englilhman, 
I n their own to bring them back to Europe, Captain Krulenftern fays he 
j igujge, been able^to* difcovpr^bow thelc two individuals 

had come to tln^ ift^pd; both of them having completely for- 
gotten their oiiginat lapguage. He thought however that he 
could conipiehend that tliey^d( ^riived there on board an 
Amci ican vcilel whjch iiad (Jnpwrcckcd on the coaft. 

The Fronchnianfpeaki language of the itlander<* veiy v\c|l, 

and has adopted all their ^pofioms, habits and maniiei. There 
is no doubt (hat they Will ibon r^cpverthe ufe of theii language, 
in a dall) mteicourfe wiy^ JE^ropeai^ and ^that they will then 
able to give an accolapt q( their adyeii|or^Sf sU^wel) as^ in- 
formation rclpecting the iilaPders, among whom they haye lived 
fo long. Ai leaft, this is exposed with impatience. 


Geoh^iCftl Journey from the Academy at JVarfuxL. 


of dif- 
in mint - 
ind ndtu. 
'fil hii>Di} . 


The Society of the Friends of the Sciences at Warfaw have 
chargeil (wo o/ its members, Carteau and Slaqio, to under- 
take a nnneralogical and phyftcal expedition into the Carpa- 
thian inouTitaiPs. 0 Another member of the fociety has already 

examined 
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examined the Pattern part of them, with relation to miner- 
aJid orj^tognofy. At this time he is travelling 
•over the mountains iij the interior of Auilria, from whence he 
proceed to upper Italy* and to the Alps ot Switzerland. 
When this journey is completed, he will undertake another to 
Caucafus. 



Lalande^s Propofol of a new Scale of the Thermometer. 

M. de Lalande propofos to adopt a thermonieter-fcale, which New fcate of 
fliall remedy all the inconveniences of thofe now- in ufe. fjjg 
mean point is taken from the natural flate of the globe, which 
he fi\cs at 9| degrees of Itestu’mur*^ thermometer, and he takes 
tlie 10 millionth part of the volume of mercury for the meafure 
of a degree. Among the advantages of this inftruinent he reckons 
a ilmplitication of exprctfion, which will give a facility to com* 
prelicnding what was before^ without meaning to the public. 

For example, the degree of heat ot common futnmers, and the 
degree ot cold of our mean winters, will be both expretfed bv 
So : The degree of 40 will indicate a hot fummer and a (evere 
winter, Sec. ; another advantage will be dei ived from the fmaller 
Interval of the degrees, which will remove the neceflity ot 
having rocourfe to fra^^ions in the greater number of obterva- 
iions. The boilirtgpoint of Water is + I32®.S of the propofed 
Iheimomcter, and — is the point of the congK’btion of 

mefcury. Ice melts at — t7'^.9and — 44'’*^. 2 is the zero ot 
Fahrenheit. 


Two ICinds Itf Honef. 

^In a note to Dr. Delametherie^ Proud announces the diC-Prouilonhone;. 
covery of tvyx^rkind^ o/ honey; the one liquid, thr other drv, 
no^ deliquefcenl^ cryQf^izable in ju^ibannei, and ief^ laccha- 
fine than luga^s they arefeparated by fpirit of wine, to which 
end granulated bon/sy mud be operated on. 

J. de Pfiyfcjuc. 


Experiments made by Melfrs. j^ofe and Gehicn, and others Attempts x** 
by Richter, *to obtain palladium, '^re given at length in die 
Journal ot Cheniiftry, pubUftied in German by K1 iproth and 
Richter. 


•'I he-; 
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Thcfe philofophers followed Mr. Chenevix’s procefs wflll 
great care, but did not produce that metallic body. In the 
precipitation of muriate of mercury and muriate of platina*' 
they had a black powder, which always afforded the metal 
feparale from each other. 

Richter was not more fuccefsfal. He verified that the green 
fulphutc of iron does not decompofe either the muriate of 
mercury or that of platina. The other fa6ts he obferved were 
to the fame effedl as ihoie of Rofe a^nd Gehlen. He always 
found the mercury of hts precipitate feparated from the platina 
by heat, 

Traite ^lementaire d*Hilloire Naturelle* &c. j4n elementan/ 
Tfeatijh on Natural Wftory, A, M. Constat Dume'ril : 
Compojhd by Order qf Government for the life of the National 
Lyceums, I l^ol, 8vo. Paris 

Etemeiitary There is not one of the fciences, the elementary works of 
Wftory*vcry neglcdled as natural hiflory. Soroe- 

defe^ive. limes this title has been given to colle£ltons of (ales fit only to 
amufe childrent but not calculated \o make them acquainted 
with nature as a whole, and with the progrefs of the fcience : . 
at other times authors have entered into difeutiions tooabfirufe, 
or contented themfelves with a mere nomenclature, always 
dry and fieri ie to begintfers, to iitrhom names give no idea uf 
Ml. D. has pur- objcfls with which .they are unacquainted, Mr. D. has pre>» 
ferved a juft medium between theie extremes, while he ob- 
ferves an accurate and metnodicararrangement. He makes 
us acquainted with the whole of the prcdu£tions of nature, and 
the method of ftudying and tliem, choofing, for ex- 

amples in every feflion |[acfa as w ]%markiild»le for their 
ufes or iingularily; he conti^uaily excites tho ^tten and 
curioiity of his pupils; and be prefents to tkra a number of 
fadts neceffary (o be known, • 

His airangement |n this work Mr. D. has adopted an arrangement, the reverfe 
Sic*^moft w hat ufually employed in took s of natural hiftory ; that 

things to/he h, he always proceeds from the mofi fimple to the moil com- 
wor^mplcx. He begins with unorgaoiaed fubftanCes, proceeds hence 

^ to plants, and laftly to animals ; and in tbefe heVrommences 

* Bulletin det Sciences. No. 90, p. ^36, Sept. 1804. , 

• w'ith 
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wUh zoophytes, and ends with man. This arrangement has Iti advantages, 
the advantage of infilling ideas gradually into the mind of the 
fcholar, and avoiding a number of repetitions and anticipations, 
hiflory of organifed fubftances gives him an idea of bodies 
unmixed with any other ideas: that of vegetables (hows hini 
organization and life in their mofi (ample ftate : and ihefe he 
perceives gradually become more complicated as he afcends 
through the diifcrent cla£l[es of the animal kingdom, (b that the 
Iiiftory of each clafs is but dittle more than an eKpodtion of 
the organs and faculties it et^oys beyond thofe of the prc« 
ceding. • 

Though the difcuflion of any new idea Teems contrary to the 
ed'ence of an elementary work, it is obvious, that fuch a work 
cannot be well executed but by a man capable of oonfideyring 
the whole of a fcience in its proper point of view. In this 
rerpe6l the naturalid will here read with picafurc the ai tide of 
general obfervations placed at the head of each part : he will 
didinguifh the hiltory of infects, which- Mr. D. has treated Mr. D. has 
after a new plan : and he will notice the chapter on man, in 
whicivthe author difplays the pbyiical chara^ers that di/linguilh plan, 
man from brutes, and the confequences refpedting his manners 
that arife from his very flrudure. This chapter may be con* ' 

fidered us the connecting link, between phyfics and meta* 
phylies. 


Elemens de I’Art de la Teinture, &c. or ElemenU qf Ute Art 
of Dj/ing ; with a Dejtripim qf the Procefi qf Bleaching by the 
oxigenuted Muriatic Acid, Second Edition : by C. L. and 
A. B. Berthollbt. Pariu 

This ntfiw edition of a work of ibe firfi merit and celd>rity BerthoQet on 
is fpoken of in the Foreiign Journsfis, as being confiderably 
improved by the former author and his fon. The great perf- 
picuity and order which are feen in all the productions of this 
eminent chemift, and bis own unremltted labours in the fei* 
ence, are a Cure guarantee to the fame effeCt. 


Confidcmitions on Organized Beings, C. Dslametherie. 

The fcieirce of natural hiilory is indebted to M. Delame- Pelametheric 
tlierie for i'everal intereding works which contain ideas of 
vantage to (he progrefs of human knowledge. Befides the 
m ‘ 5 Journal 
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Journal de Ph^fique, ^c. of which he is the editor, he haf 
piiblidied a Theory of the Earth ; a Treatife on Man ; differ^ 
ent Phytiological Views uF the animal and vegetable KingdomSf 
on Vital Airi &c. In this new woik the aulltor compares thj 
lirudture of animals and plants, and applies to vegetables tP 
different ryficnis or apparatufes of organs and vital fundlions^ 
which X. Bichat has propofed in his General Anatomy. M. 
Delametheric has benefiUed by the experimepis and labours of 
fcyeral philofophers of merit. AJl,, perhaps, may not adopt 
fome of the opinions he offers, the of minds being 

itill more difficult than that of hearts ; bat they, at leaff, de-* 
ferve.exarninationt and may lead to unexpcAed refults. 

Biblioiheque de SorunL 


To CORRESPOkoENTS. 

beft acknowledgements are due to Mrm D* who has favoured 
this work with a preeife fiaiemml cf the elucidation of il/r. Bos- 
WEtL's fecond propojilion ; but he wilt perceive that the paper oj 
Mr. Gough, which teas already printed when his letter came to 
bandf has rendered it uimcejfary, 

t believe the readers qf this Journal will think with me, that the 
dijpuie between C« L. and Walkeh has proceeded at 

kefi as far as the interefis vf fcience demand. In a letter from 
C. L. btfore me, I Uave fuppofed the following explanatory ftn* 
to afford m Jdr dif^uJIion, and therefore 

tra£t them, and ha>pe ike btffwjh wiU end lure. C. h. Jays : 

“ I catinoi conccivjB fo, plain could be mifm* 

J* d'erHood, and^ ht^pe to make 

** them plainer if po0lt* I haVe denied 'Mr. WaXker's 
fa6ls ; that is, 1 have dettied the truth of las narrative refped* 
ing certain fappofed fafls, and 1 hare jpointed out an eafu 
Way of conrincing me and the world that Ae is not deceived ; 
namely, that you Jhould repeat his experiments, and fee if zvhat 
he offerts be true. But Mr. Walker declines examining 
the remainder of my letter, wkk% is an indijiindt, •though 
** fu^cietitly clear way of faying, that he does rwi cltpoje to r^/k 
** ids Jujpofed fails by putting them to fuch a trial.** 
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ll)al from good fpenuaccli oil. So u(r?nl»al a difference in ihc 
combuflion of thefe gafes, induced me at brft to believe, that 
the gas from coal owes its illuminating property to lonietliing 
inechantcally (ulpended in* it; but I was afterwards faliNlied,. 
that though it contait^s, when recently prepared, much that 
*** fublcquently depofit^d, yet that its quality of burning wdth 
much (though ^ bright and compadl flame belongs to it, though certainly 
Uiminithed) light with coil flderable diminution, as a permanent gas, after tljRi 
thed !t\*^condui^ ^ conoenfiblc matter. It appeared, therefore, 

fiblc nutter. worthy ol inveffigation to deleimiic, on what the fupetior 
fitnefs of the gas from coal, for evolving light, depends ; and 
to cunnedf the theory of its combullion with that of other fob- 
lUnces, coiimif)»d\' employed as fources of artificial light. 
Tiododts by With this view, numerous eomparativc e.^piTiments wero 
Lorn cojl^widi^ inude on the rapid combuflion of this gas w'ilh oxigenous ga^ 
tixiifennnd alfo in dole vcffch, and alfo on that of other inflammable gafes; 
Oihcr gafes. ^lieir comporuioii maybe inferred from the produds of 

thefe eKperimenis, the principal refults of whicli arc contained 
in the following table : 


Tabic of icfulU, 



Oxigen Oas required 
to fiiturate xco 

Carbonic Acid 

Kind of Gj8. 

Meafures. 

produced. 

Puie hydrogen. 

50 to 6 1 


(xas from nioift charcoal. 

60 

35 

wood (oak) 

5 

1 ■ 

« dried peat. 

68 

43 

— coal, or cannel 

1 370 

. 300 

* — ■ " lamp -oil. 

190 

121- 

— ■ — wax. 

220 

- 137 

Pure olefiant gas, 

281* 

- 179 


If ihc mrafure 
ol ‘ wbonh acid 
piodui ed, bt d'‘ • 

si tided ftoni the 

whole oxigen 
empIo)cd, the 
icnuinder will 


Now if it be affumed {which 1 believe is as nearly as pof- 
Uble the fad) that in lli^forination of each m^u.w*c of carbonic 
acid, in the above expeiiments, an equal volumd of oxi^en 
gas is employed'*', we (hall learn, by dedudingthe numbers in 

the 


exprefs the me*a- 

fure of oxigen * Mr. Ciuickfliank takes it for granted, as the bails of his cal- 
^o'^edinburn" forming fix meaflircs of carbonic acid, feven 

oxigetious gas are employed. This proportiifti I be- 
ot th\sea-i; andlievc to be over-eftimated. i>y. Prieftity obferves,,(op Air, 33d 
will JBdition, III. 377), I heated 8}: grains of perfed clriivcoal 70 

wi give t c dunce mcafurcs of dephlogifticated ftir, vrhen it ftill remalntd l6 oz. 
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third column tW <orfefpohding one in the fecond> 
what proportion of the^^M^Simcd oxtgeit has been“ allotted to pf^*jJ*J*^**'”*^*^ 
the faturation of liie hydrogen of each h^drWarburet. Thusr^ 
for example, ib the combunion of the gas frooi coal, 70 parts 
of oxrge;n Ifave difappeared, betides l^at which has entered 
into the, carbonic acid 5 and, fince each meafure of ox^^ll 
fatiirates two of hydrogen gas, the gas from coal muft contain, 
in lOOmeafurcs^ a quantity of hydrogen which; expanded' to 
its ufual elafticity, would occupy 140 meafures* By a iimtlar 
mode of eftimation, the q*uatnity of hydrbgcn in other fpecies 
of inflammable gas ill ay be afeertained; 'viz. by fublra6ling 
the number in the third from the correfpoijiding one In the 
fecond column^ in each intiance, and doubling the remainder. 

The above experiments fufficiently explain why the gas Thefc fo^ts cx- 
from coal evolves fo much more light, during combuilion, 
than either hydrogen or the hydro*carburet from moitl char* from the coal 
coal, becaufe, in an equal volume, it includes, in its com* 
pofition, above thrice the quantity of inflammable matter pre- motcoxigen is 
fent in hydrogen gas^ and nearly thrice as much as is 
taiped in the gas from moift charcoal* The appreciation of 
the degree of combuftibijity of each gas, by the quantity of 
oxigen required for its fatufation, entirely agrees, as might 
naturally be expeded, with that founded on the phenomena 
of filent combuflion in an Argand’s lamp ; for each gas leemed 
to me to evolve light, as nearly as conld be judged, in pro- 
portion to the quantity of oxigen confumed by its detonation 
in a clofe veflel. Above all others, the olefiant gas * is de- 
cidedly entitled to rank, by the fplendor and beauty of the 
light which it yields ; and the violence of its detonation, when 
fired with a mixture oxigen gas, alfo furpaflfes that of 
every By exploding only .Oi of a 

cuhiwncl^ with .17 of oxi^ gas/b ftrong glafs tube waat 

m.; but, after walhing ip water, was icduced to 40 o*. m.*’ In 
this experiment one grain and \ of charcoal was confumed, and 30 
oz. m. of carbonic acid were generated^ without any change in the 
volume of the oxigenpu^ . 

* A«fwll abftraft qjf the metpoir of MelfrS; JQfiimao, &«, on this 
interefting gas; may be feen irt;thc «lft Vol'. of the 4to Scries of this 
journal*, 4 a^ cbaraftefilbc property, is that of being rapi% con- 
tiTed by contjt^ with oxig^niied muriatif at^ gas. 

'E 2 fl^jttiercd 
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nialtered with violencej and a Volta** ^udiomoler, J »of an 
inch in Ihicknefs was burli by lefs than a cabic inch of a 
Specific gravity tore of the two gafes* The (jiecific gra^vity of the 
We^gas^ffTcc?** K^feSf when perfedly freed from carbonic acid, is another 
from carbonic Competent teft of filncfs as fources of light. Thiisthb 

fttlimell to^af- gravity of the gas from moift charcoal, (TOmmon air 

ford light. being 1000) according to CniickQiank is 4S0; of Ibe hydro- 
carburet from alcohol 520, and of the olehant gas, as deters* 
mined by the Dutch chemitls, 909. 

It is probable From the limitation to the proporfiens, in which bodies in 
^ble gifes^jiT having a fufeeptibility of chemical dhion, are capa- 

inixturcs of few ble of combinistg, it Teems to me reafonable to infer, that car-» 
fimplc gafci. han and hydrogen do not unite in all polTible proportions, form* 
ing fo many di/lindt compounds; but that the various inflara- 
mablegalesare mixtures of a very fewiimple ones. Of thofc 
at prefent kHown> pure hydrogen gas; the carburetfed hydro- 
gen, which by combuilion affords an equal bulk of carbonic 
acid, and conCumes twice its bulk of^oxigen; the carbonic 


Css from coal 
appears Co be 
hydro^carburct 
with perhaps 
fome carbonic 
oxide. 


oxide; and the olefiant gas, it will ap[>ear, may be traced in 
the mixed gafes comprehended in the forgoing table. The 
gas from coal I apprehend to be principally bydro-carburel, 
with perhaps fome portion of carbonic oxide, theprefence of 
which lad ts rendered probable, becaufe the gas from coal is 
faturated by lefs than twice its bulk of oxigen, though it gives 
an equal volume of carbonic acid. Now the gas from marfhes, 
which, with Mr. Cruickihank, Mr. 'Dalton finds to be hydro*^ 
carburet, contaminated with about 20 per cent, azotic gas, con- 
fumes, making allowance fdr this adulteration, double its vo* 
lume of oxigen gas; and iince the gas from coal requires a lefs 
proportion than this of qxigen, and yet gives an equal pro- 
duct of carbonic acid with that from marfhesijysjrilr to pre- 
I'urne, tliat it mufl prevloufly have contained^ 
which, after wafliing it with lime-water, can fubfid in no 


other date than that of the carbonic oxide. • 


Cas from ignited 
charcoal and 
water is probably 
carbonic oxide 
with hydrogen 
and n little hy- 
dro-c4rburet. 


The gas obtained by decompodng water over ignited char- 
coal, is mod probably a mixture of oaurb^oic oxide with hydro* 
gen gas, and perhaps a little hydro-carburet. On no othe^ 
prefamption can the refults of its combuAion be explained} 
iince the quantit^r ofoxigen required in faturaiing 1 W) meafure. 
is only ten more than afeeonfuiited by IdO meafrU^of 
liydrhgen, though 35 m. of caibonic itcid^ txmtaiii^g av 
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Sff pf foxigeb^ are found after corobuHior.. Now, according 
to Mr* Cruickfliank, tliefe 35 m. of carbonic acid, if formed 
from carbonic oxide, would require only 15 additional xnea* 
fares of oxigen gas, which is not very remote from the truth* 

JReafoning in the fame mode, the gafes fifcm wood and from peatGafcs from 
will appear to be raixtores in different proportions of 
lead of the above-mentioned, via- bydrogeoi and the carbo-ot* uncombine4 
i)ic oxide. The refults of the combuftion of 
wood and peat evnK'e *thal they difter confiderably from that coai gas, 
obtained from coal; and* contain much lefs uncombined in- 
flammable matter. •Another circumftance of dillindlion aifo 
is, that, before being wnllied with lime-liquor, the gas recently 
prepared from wood or from peat, contains from to ^ its bulk 
of carbonic acid ; whereas the gas from coal lofes by this ab- 
lution only from to y^. * In my firft experiment, I found 
a large admixture of azote in all thefc gafes; but this after- 
wards proved to be accidental and noteflenliul ; fince by care- 
ful diitidation in glafs retorts, of the fubftances that afforded 
them, fhe gafes were obtained entirely free from this conta-* 


minatioD, 

The gafes obtained by the deftruftive diff illation of oil and The gafes from 
of wax, it niay,be obferyed in the table, confume confider- 
ably mote oxigen than the gas from coal. This circum (lance hyUro-carburets, 
firfl: led me to fuf^^ that they might pofUbiy be mixtures of 

I 1 .-f 1 111 1 1 firft contains 

the oienant gas with carburetted hydrogen; and op apply- one-cightU and 

ing the oxygenized muriatic acid gat|, this fufpicion was fully 

verified. One meafure of the gas from oil with one of 

oxygenized gas, were reduced fpeedily to ; a like ditniivu- 

tion was produced in the gas from tallow; and that from wax 

had its bulk ftill further con traded, only 1| ru. being left by 

flmilar p^^^orl^s, 

cdndcnfible prodwds alfd of coal probably differ from thofe 
of wood and pent. If an intermediate vefTel be placed for their 
reception, it emits, *after the diflillntion, a (Irong fmell of ammo- 
nia. This was long ago obferved by Lord Dundonald, who enu- 
merates, among other ][lroduds of ceial, the volatile alkali (fee a 
pamphlet on the Ulbsand Qualities of Coal Tar,’* ptibliflied by 
bis Lufdfliip In 1785.) This produdton of ammonia 1 have not 
obferved from peat or wood; nor do I find it mentioned in n Hif- 
' of including the refults of its diftillation,' &c. publiihed 
: iec^jsd voLof the Edinburgb/^ElTays Pbyiicai and Literaiy.” 

5 In 
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In drder to afcertain how much of the diminution was owing 
' to the condenfation of olefiant gas, the proportion of oxygen- 
i»ed acid, required for the faturalion of that ga% was care- 
fully afcertained. After feveral trials, it was found that 3 in.fVf 
the oxygenized aoid with pure olefiant gas, prepared accord- 
ing'fo the Dutch cbcmiftsy left only 0.1$ in. of c ommon atr 
derived from the vcfiels. It appears, therefore, that the gas 
from oil and from tallow contains about and that from wax 
J olefiant gas, the feft being pure hydro-carburet. 
jsfccn The refiilts of thefe experimenl8,^in connexion with a fa6l 
why wath'ing di- communicated to me by Mr. Dalton, Explain feme circum- 
JJodli^Vf'car- obferved by Mr. Cruickthank, ior which that ingenious 

honic add af- chemifi was at a lofs- to account, viaii the great variation in 
fng^an hydi 0 -"" produ^s of carbdnjc acid, obtained by burning the fame 
carburet. For hydrocarburct when wathed and when unwaflied, or when 
ol contact with water; though the gas, when ori- 

0 6 an gas. g;„^||y prociiVed, w'as perfectly free from carbonic acid. The 
olefiant gas, Mr. Dalton has afcertained, is far more abforb- 
able by water than other fpecies of hydrocarburct, viz. in the 
proportion nearly of i. Now the gas from camphor, 1 find 
to contain much olefiant gas, and indeed this might have been 
inferred from Mr. Cruickfiiank's ownfiatement, whoobfervea 


Hydrncirhurets 
from ether jnd 
alcohol alf> con- 
tain ul. gas y 
which )S the 
general caufe of 
the difFerence in 
carb. acid pro- 
ducts by Mr, 
Cruik thank. 


that this gas, by admixture- wdth oxygenized muriatic acid, 
undergoes a conliderable diminution of bulk. The pure hydro- 
carburet, on (he contrary, I have never ieen at all condenfed 
by contad with this gas, in the rapid manner obfervable in 
olefiant gas or mixtures containing it; though, by confinement 
together for fome hours, they are mutually decompofed Into 
common muriatic acid, carbonic acid, and water. The hydro- 
carburets from ether and alcohol a ifo contain olefiant gas; and 
this, 1 apprehend, will be found tube the fa ^wit^ ll infiam- 
mable gafes, which by fSimbuftion give moretnaii^lhe^CiOwii 
bulk of carbonic acid. The variable produfis of carbonic 
acid, obtained in Mr. QroikHiank^s experiments, * from equal 
quantilicvi of different hydrocarburels, cannot, therefore, be 
confidered as denoting fo many dillincl fpecies of carburetled 


Error of that 
author rcfpf'fF- 
irtg tb» confti ra- 
tion of rarhn- 
retced hydiogeu 
gafe«. 


hydrogen; but as owing to UlC admixture witli this of various 
proportions of olefiant gas, • 

It.wMlI not, I am perluaded, be regarded as indicating a 
wifi) to dctra6f, -in thc^mallefi degree, from the dut to 

Mr; Cruikfimnk, w hofc memoirs on the hydrocarburct^^ ^ 
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Trarbonic oxide I eflimate amon^ ilie mod ingenious, and ge* 
nerally fpeaking. ihe mod fatisfadlory examples of chemical 
rdearch, if I obferve that the pari of his table (vol. V. p. 8 
of the 4to feries of ihis Journal) which relates to the conftitu- 
jtion of the carbu retted hydrogen glfcs, ! confider as entirely 
erroneous. To excite drong fufplcion ihe accuracy oi “the 
proportions aligned to thefe gafes, it isfurely fufficient that 
©lie of them (the gas from moift charcoal) is dated to contain 
in lOvO cub. in. zz 1 grains, no Icfs lhaii d grains of water, a 
proportion abfolulely inconceivable; and the fame objedlion 
applies, in a lefs d^ree, to the other cafes. Now in 100 
cubic inches of the muriatic acid gas^ I found the abfolute 
quantity of combined water to be only 1.4 gr. (Phil. Tranf. 

J ^00) ; and it is rendered highly probable, by the experiments 
of Clement and Deforme fjnfi, de Chim. XLII. 121) that all 
gafes contain the fame quantity of water. In the inftance of 
the gas from charcoal, Mr. C, was mod probably mifled, by 
»‘.ot having fiifpecled the prcd'ence of the c^arbonic oxide; and 
the correclion is to be made as follows. One hundred cubic 
inches ( = '14| grains) -combined with the proper quantity of 
oxigen, gave i9 grains of carbonic acid, conniiniiig very 
laearly 4 grains of^carbon ; and fuppodng the carbon in the gas 
before combudion to have been in the date of carbonic oxide, 

U wound be combined with about 9 grains of oxygen^ and 
would conditiite tS gr. or 43| cub. in, ofcarb,onic oxide. — . 

I'here remains then only I -I grain, of the Ilf fubmi lied to 
experiment to be accounted tor, which is very exactly made 
up by the refrduary 57f cub. in. of hydrogen gas, taking the 
weight of Un) cub. in. of hidrogen to be 2.6 gr. The water 
contained in the gas may, I thinks be fet out of' theqttefiion; 
for it mifftJj^eaolleCted that the prodii6t of the corobodion is 
jm yy xt ay iform ; and it may be cohfidered as a tolerable ap- 
proximation to the truth, that the gas ffom charcoal contains. 

In 100 itK'hes, 43 of carbonic oxide* tbe i:emainder being 
principally hydrogen gas, f,/ 

With refped to the prefence of hydrogen in the carbonic CarUnlc osi& , 
oxide, which has been a topic of controverfy, neither the 
»or tke negative can, I think, be at prefent with certainly af-gen, 
firmed. If however any hydrogen be contained in it, I (hould * • V 


em accidental and not an elTential ingredient* and am 
!^iniaiB that* if prefent at all* it exifis in the date of hydro- 

. . £«n 


• • 
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gen gas; for 1 find that the carbonic oxide is not expanded by, 
electrical difcharges, which would afTuredly happen if the car- 
buretted hydrogen were one of its confiituenls, or accidentayy 
mixed with it. 

Elucidation of To return lo the Ihedry of lamps, Src* it is proved by the 
the theory of prcc«Kiing experimentSj that the fubftances ordinarily em- 

lamps, &c. ployed as 'fources of artificial light, viz. oil, tallow, and wax,^ 

afford when fubmitted to an increafed temperature, mach ole- 
fiant gas; and it has h^eea jofily obferved by the editor of this 
Journal (4-to feries I. 7 1) " that the tvick of a lamp or candle 
. fiirroundod by flame is exa6ily in the fixation of a body ex-f 
The oil, &c. Is pofed lo deflru^ive diftilJation in a clofe veflel." In this cafe 
^compofed in the feries of capillary tubes compofing the wick, ferve perhaps 
the wickj ^ precifely tj;e fame oflice as a tube horizontally difpofed in a 
heated furnace, through which an inflammable liquid is tranf- 
mitted. The fupl previoufly melted, is drawn up into thefo 
ignited capillary lubes, and there refolved into olefiant and 
—into olefiant carburctted hydrogen gafes, from the combufiion of which 
and carburetted gales, and not merely of a condenfible vapour, it appears to 
wWclf sre^then illumination chiefly proceeds. Hence it is not im- 

bucAed. Whence probable, that the proportion of olefiant gas and hydrocar- 
fucUo'gWc^lu"^ buret, obtained by the diflill^lion of any fubflance, will be a 
miaous name tolerable meafure of its fitnefs for aflfording light. In difliL 
Srom^sdeftTue kind^ however, the degree of heat is of con- 

tive fiderable moment, for } have found that the olefiant gas may 

obtained or not, at pleafure, during the decoropofilion of 
other, alcohol, pil, by va/ying the temperature to which 
the containing vefleU are expofed^. 

The gafesfrom vvood, though thefe fub« 

coal, &c. though flauces yl^ld no olefiant gas, the defedt Js compenfated by an 
okLnf gas*l inflammable vapour diffltfed ibnn^h them and 

afford much which is even not removes!! by paSing through a!mal| qii«tij,y 

flammaVc^ water. Gas from coal, however, which had flood over 

vapour when Water upwards of a mfwatb, I have found, burns with confi- 
recent. derably impaired brilliancy, though flili with a far more denlb 

and bright flamq than hydrogen gsuii . or the gas from char- 
couh 

Afanckejicr, May 1S05, 
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POSTSCRIPT. 


Since the prcccdinfj pages were written, I have examined 

freth portion of tbt* gas from coal, obtainerl hv -”*ry cautious ^xp/w^oxf 
diftillation, with a view to aloertain whe.thei any olefiant acid gas to 

can be procured from liiat fubdance. Of this gas live mc^uiVs 
mixed with live of ox \ genizi^d mitrialrcactd, were reduced to gas-, 
nine; from whicii rl AtouM appear that the gas from coal may 
pofhWy contain vf olefiant ;;as. The prodii6ti(,n of <»!!, 
however, was not fo nianileft as in other indances; and I 
judged it to have iiap{fened chiefly becaufe ah irulefcent film 
was vidble on the furface of the water when held between the 
eye and the light. 

I am enabled alfa, by a letter received this morning from a Hlftoryof Mr. 
friend who is well acquainted with the progrefs of Mr. Mur- Murdoch’s ex- 
doch’s experiments, in anfwer to fame queries from me, to giving Ught^by 
date fpecifieally the grounds of that gentleman’s claim to the «’!> troni pit- 
important application of coal as a fource of artificial light. — 

This I cannot do better than by an extradl from the letter. 

In the year 1792, at which time Mr. Murdoch refuied at 
Redruth in Cornwall, as Boulton and Watts principal agent 
and manager of engines in that county, he commenced a 
ties of experiments upon the (Quantity and quality of the gafes 
contained in different fubdances. In the courfe of thefe, he 
remarked, that the gas obtained by didillalion from coal, peat, 
wood, and other inflammable fubdances, burnt with great 
brilliancy upon being fet fire to; and it occurred to him, that 
by confining and condoySling it through tubes, it might be em- 
ployed as an economical fubftitute for lamps and candles. The 
didillatioh was performed in iron retorts, and the gas con- 
ducted thitrjjgjj^i^ed iron and copper tubes, to the diftance 
of TCUiict.. At this terminaiion,' as*wen as at intermediate 
points', the gas was fet fire to, as it pafled through apertures 
of different diainetess and forms, purpofely varied with a view 
of afeertaining which would anfwer beft. Jn fome, the gas 
iffued through a number of fmall holes, like the head of a wa- 


tering pan ; in olhers-it was thrown out irr thin long (beets, and 
again iif others in circular ones, upon the principfe of Argand's 
lamp. Bags ol leather and of varniflied filk, bla*l(Iers, and 


of^liinncd iron w'ere filled with the gas 
and carried about from room to room. 


which was fet 
with a view of 


•afvec- 
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Htftory of Mr. 
2Auid<Kh*s ex- 
pen tncnts for 
giving right by 
gas irom pic 
coaL 


afcertaining how far it could be made to anfwer the purpofe of 
a moveable or transferable light. Trials were likewife made 
of the difTerent quantities and qualities of gas produced by 
coals of various defcriptions, fuch as the Swanfea, Haverford- . 
weft.^^Newcaftle, Shropftiire, Slaffordihire, and fome kinds 
of 'Scotch coals." 

Mr. Murdoch^s conllant occupations prevented his giving 
farther attention to the fut^e^ at that time; but he again 
availed liimfclf of a moment of leifurc to repeat his experi- 
ments upon coal and peat, at Old Cumnock in Aynliire in 
1797 ; and it mty be proper to Tu»tice tfiat both thefe, and the 
Ibrmer ones, were exhibited to numerous fpcAators, who, if 
neceflary, can alteft them. In 1798, he condruttod an apv 
paratus at Soho Foundry, which was applied during many fiic- 
ceffive nights, to the lighting of the building; when the ex- 
periments upon different apertures were repeated and ex- 
tended upon a large fcale. Various methods were alfo prac- 
ticed of watliing and purifying the air, to get rid of Ihcfmoke 
and fmell, Thefe experiroenls were continued, with occa* 
iSonal interruptions, until the epoch of the peace in the fpring 
of tS02, when the il]t]minatk)ii of the Soho manufactory af- 
forded an oppofLunIty of making a public difplay of the new 
lights; and they were made to cohftitute a principal feature in 
Uiat exhibition^ I do not know exaflly at what time the firft 
trials were made, or ' publiilied in France. The firfl notice 
we received of them here, was in a letter from a friend at 
Paris, dated the 8tb of Nov* I SOI, in which he defires me 
to inform Mr. Murdoch, that a perfon had lighted up hishoufe 
and gardens with the gas obtained from w^ood and coal, and 
had' it in contemplation to light up the city of Paris.'* 

After mentioning the alwve, I think i^* s .Qrafclgr to ftate 
alfn, that in the ovens cidi fir ui^ed upon Lord DLindq^ialdxt',p]an, 
at Calcutts in Shropfiiire, for the purpofe of faving the tar, 
&c. which efcapes during the coaking of coal, it has been 
ufiial for a number of years pafi to fet fire to the large current 
of gas as it flies off, and thus procure a bright illumination* 
This however was not known to Mr. Murdoch, and was ne- 
ver feen by lum/' 
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. II. 

• Experiments an the Analyfis of Goulard's F.xtraf^, or the Atj}^^ 

Lithar'^^yri acetan, Z?j/ J ohn Bostook, M, D* C\ig/i//ju^ 
mealed by the Author. 

To Mr. NICHOLSON. 

Dear Sir. • 

I HAVE the pleafure to tranfmU to you fome experiments 
on the analyfis of Goulard’s ex(ra6t» which I hope you may 
thiiiL not uiiwoithy of a place in your Journal. 

1 am. Sir, ♦ 

Your obedient Servant, 

Ihcrpool JOHN BOSTOCK. 

May b, 180 j . 

During the rourfe of fome experiments on the analyfis of 'The extract of 
animal fluids, 1 was led to oblervc the eflefi of the cupta //. hJlJs nfueJage^ 
thargyii acctali, or the extract of Goulard, as a coagulator wore than the 
of mucus, and particularly to notice the fuperiorily of its power 
over that of the acetate of leach From thefe circumfiances 1, 
was induced to examine into the opinions that had been enter- 
tained refpedling its compolition* but was not able to obtain 
any fatisfaciory information. Although it is a compound fo 
well known, and fo fre(|uent!y employed, it appears never to 
have been made the fubje£l of chemical analyfis. In Dr. it has not been 
T^^o^n^om^s Svfiem of Chemiftry it is not *cli fling uilhed from '***”*”®*^* 
the common acetate of lead;* Dr. Murray informs u's, that 
it is of acetate of lead in water, with an 

gxfikfii's <jf add;f’* and Dr. Duncan, Jun. conceives, that 
it does not differ from a folution of the acetate of lead of the 
fame firength. I We meet with nothing fpecific refpet^ing its 
conflitution in M. Fourcroy's ** Syfteme", § nor is there any 
light thrown upcm it by his acute commentator Prouft. || In 
this dearth of informatiooi I proceeded to make the following 
expcriHients. ^ ^ 

* Cfiyr III. 52. t Mat. Med. II. 22^5. J Edin. Difp. p. 506 

^ VIIL 203.' 11 Joum. Phyf. LVI. 207. 

. .To 
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E Xpert ineiits on f. Xo 200 grains of diHilled water were added 60 grains of 

The acetate of lead, in its ufual cryftalline dale; the fluid was kept 

«cctatco^ lead for about an hour at the boiling temperature, and was after- 
wards filtered. The refidue, when dried, did not amount to 
more than 2 grains; this was boiled in a frelli quantity of water,'^ 
when about half of it was diflTqlvodr but one grain dill re« 
niained not a£ted upon by the water. It appeared, therefore, 
that a faturated folution ^ the acetate of lead was formed; it 
was tranfparent and colourlefs; it diglilly reddened paper 
dained with litmus. 

This was pre- 2. A folution of the carbonate of potadi was prepared, in tlie 
cipiMfrd by car- proportion of 11.26 grains of potafh to 100 grairjs of water. 
irgjvVdevcn grains of the folution of the acetate of lead from No. ), 

parts carbonate a quantity of this fblution of potalh was gradually added; a 
mt lead. copious precipitate of the carbonate of lead was produced ; 

alter the addition of 60 grains of the alcalinc folution there 
was no farther precipitation» and the fluid flightly aflfeded a 
paper foaked in the infufion of the mallow flower. The pre- 
cipitate was carefully col)e6\ed, and being dried by a gentle 
beat, afforded eight grains of carbonate of lead, 

Goulard*® cx- 3. Forty grains of aqua litharg^fi acclati were treated in 
cTtonatT* n»a»ner with the carbonate of potafb ; the preripitale 

kad^ formed appeared more copious than in the former experiment, 
and after the addition of 40 grains only of the alkali, no farther 
effe^ feemed to be produced; the fluid affected the mallow- 
paper in the fame degree as in the former experiment. The 
precipitate, being cqll^6ted and dried, weighed 1 1 grains. 

It did not red- aqua liihargjfri aceiaii did not in any degree redden 

don litmus paper, litmos paper; a few drops of it were added to half an ounce 
withlUmuthi- ^ infufion of litmus; a precipitate of a beautiful light 
fuilon. blue was immediait^ly formed, while the flt^j|^^w^]eft iranC* 

parent and nearly cOlouf^fs. - . ^ 

The folution of Twenty grains of the folution of acetate of lead. No. I, 

acetate gave 4 gr. were ftowly evaporated;, the fluid becan^HE; extremely vifeid, 

in fome degree, brittle and’ tranfparent, and aC* 
fumed the appearance of dried gum. It weighed about four 
grains, 

Aqualith. acet^ Twenty grains of the aqt^ lithargyri acetati wet3 eva-» 
gave 5*Kr. white poratcd in the fame manner; it became white andopake, and 
apiUterc 1 uc. p-focefs was completed,, it exliibitedthe appciigFi^;^ 

of a number of fcales of a pearl colour. It weighed 
Wfp t|;»an five grains, 

V 7* A 


a^iike rcfidue. 
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7- A foIutiorTof gum Arabic was Formed» in the proportion Com |)recipi- 
4jf one part of gum to lOO parts of water. One grain of thl»* [^rd^exiiiwa^^ 
fotuiion was added to 39 grains of water^ fo that the gum only 
^ conftituted^^^^ part of the folution; a Tingle grain of Gou* 
lard dropped into it produced a percq^tible opacity. 

8. Twenty gitiins of Iho fa^i^rated folatioa of the acetate t)f«— butfctrccfyly 
l^ad, had one grain of the Tdlufioti of gum added; the effect *‘^®**** 
was barely vifible^ certainly lefs that) in the former experi- 
ment. 

I am far from confidering thefe experiments as lufficient (o 
afford a complete inveftigation of thefubjefi ; bat I think they 
may enable us to make fome advances towards the trath. 

The 4-0 grains of the folution No, K contain 1 1 .6 grains of Forty grains 
acetate of lead; by the addition of the alcali, this was con- 
verted into eight grains of the carbonate of lead, Thefe eight li® SI"* 
grains of carbonate confift of 6.72 grains of the yellow oxide, 
and 1 .28r'grains of carbonic acid.* The 6.72 grains of yellow 
oxide confift of 6.12 grains of pure lead, and .6 grains of ox- 
igen, + fo that the 40 grains of the faturated Idlation contain 
a little more than 6 grains of pure lead. 

By employing the fame reafoning to the ansilogoas experi- Forty grainj 
men t with Goulard, we may conclude, that the H grains of 
carbonate produced in this cafe, confift of 9.24 grains of the * 
yellow oxide of lead, and 1.76. grains of carbonic acid; the 
9.24 grains of oxide will be compofed of 8,4 grains of pure 
lead, and ,84 grains of oxigen, fo that the 40 grains of the 
ri^ua lilkargyri acetaii contain nearly grains of pure lead. 

We ftiall not find it fo eafy to afeertain precifely the quan- Dedit^^ od 
lily of acetic acid which enters into the Compofilion of the ^hc rcfpeaivt 
acetate of lead, and the aqua Uthar^ti Ocetati refpeftively ; 
but if experimenUof Thenard'J, we xnuft^ 

Gonclgdf that 11.6 grains of acetat^of lead, contain ^bout 
three grains of -the acetic acid. The quantity of acid' in the 
aq, lith. acet. is lefsllian that in the acjetate of lead, in the pro- 
portion of 40 to 60; therefore the 40 grains of aj. lith. acH. 
will only contain two grains of acid. 

Hence it follows, that 4Q grains of the folution of acetate of Component paiai 
lead confift of, • 


ifen's Chem. 111.^0* f Prouft, Jouriu de.Phyf* 
X Nish« Journ, VI. 223. 

• iifitd 
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Grs. 

-Lead * fi.i2 
Act'lic Acid 3. 
Oxyt;cne ,6 
Water 30 23 


The fame quantity 
of O^mlard will 
con fill of - - 


Gfs# 

''Lead 8.4' , 

I Acid 2. 

I Oxygenc .84* 
L Water 28.76* 


• + 0.00 , . + 0.00 
converting thefc proportions into quantities of 100 grains 

I- • I * II I ^ a' tt 


Lead - - 

Sol. acet. lead. 

- 15.3 

f 

Aq. lith. acet. 
21. 

Acetic acid 

- 7.5 

*• 5 • 

Gxygene 

1.5 

2.1 

Water 

- 75-7 

71.9 


100.0 

100.0 


The cjcpcri- f^i'om this (latement it appears, that in the ags litlu acet, the 
in'.^nts ihcw that oxide of lead and the acid exill to each other in the proper- 
a«“a't'1.ed!fter.'''^" "f’ to 5, or of 100 to 21.7 +. and we find that M.' 
entfalca. Tlienard has defcribed the perfe6l acefate of lead, as a fait 
in ivhicli tlie oxide and the acid exit! in the proportion of IQO 
to 21.79. So near a coincidence between thefe two propor- 
tions can fcarcely be regarded as the mere eiFeft of accident ; 
but mufl: rather be confidered as a proof that the fubitances 
operated upon were nearly, if not altogether, identical. Ad- 
The former titling t4iis to be’ the cafe, we rnufl conclude that the aqua //- 
bcin^ ut fatura- tkargj/ri acetuti is a faturated folulion of the proper acetate of 
lead, that it is an elTentially different fait from the fuper-ace- 
<-and the latter late of lead, and that it is not, as has been imagined, an acci- 
a fiipcr-acetatc. compound, but an exa^ly neutralized fait, the conAi- 

tueiUs of which exift in a conAant ratio to each other. 

The neutral It happens in this, as in other inAances, that the ingredients 
eoropound w ^ com^jfuig thc complete^ faturated compoanfltfn#l^^ a weaker 
compofed, affinity for each other than when they exiA in a differftlt pro- 
— and is there- portion. To this circumAance mu A be attributed the fuperior 
fore a better teft f|e|icacy which Goulard pofleffes, as a teA* of animal and ve- 

Of mucus. , , * rtt I ■ ' 

getable mucus, over the fuper-acetatc of lead, or (he common 
ccriijfa acetata. The agua lithargyri deetaii is fpeedily decoin* 
pofed by thc action of the atmolph^re, in confequence of the 
oxide of lead which eiUerst into its compoAtion having a 
flronger affinity for carbonic than for acetic acid; tffis effedt 
takes place in a Icfs d<?gree, in a faturated folution 
acetate of lead. ^ 


The ncutrjl 
compound is 
molt eafily de 
cumpofed^ 
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Ironnr ihc firlt experiment we learn^ that the fuper-acetate Swper-acctate of 
. r 1 1 1 • . .1 • II • • j lead moic folvbte 

m lead is moie roluble in water than is generally imagined ; genciaUjf 

Dr.Thomftm obferves, (hat it is clilTolveJ only (paringly *; yetfappoicd* 
we Imd that 100 parts of wat.er retain in ioluiiun 21 parts of 
‘the (alt. 

/*• 

. III. 


A concife Vieiv of t%e Theory of Hfjpiration, By 
W. Bran6e', Bfq. (From the Author.) 

Xhe term refpiralion implies the reception of atinofpheric RcfjpirittioB, 
air into the lungs, and its iubfeqaent emitlion, after having 
produced changes in the blood necelTary to the continuance of 
life f . 

No other gafeous body being capable of prodiK:ing thefe could not be 
cluinges, it was natural to fuppofe, that until we became ac- 
qviairUed with the component parts ot the aUnorphere, very analyfcd« 
little of the true nature of refpiration could be underftood. 

The firft great ftep towards the analytis of the air was made Difcovcn«s«f 
by Dr- Prieftley, who in the year 1774 difeovered oxigen gas, 
called by him dephlogifticated air. But we are indebted to Lavoifics. 
Lavoifier for the moft accurate invetiigation on Ibis (ubjefl ; 
who from many experiments, which it is not nccetfary here to 
relate, concluded that almofpheric aii was compofed of oxi- 
gen and ajiot, in the proporUon of about 27 parts of the former 
to 73 of the latter. The air alfo contains a fmall quantity of 
carbonic, acid, and a con (iderable quantity of water (fubje^ 
however to much variation) is always fuffwnded by it. 

Some g^les are totally tinre^irable, that is to fay. Gas which ct- 

incapaliie ol Being taken into the luiTfcs;. for whenever this is be refprroil, 

^ r 1 ° • 1 or admitted iitsa 

attempted, a rpalmoclic affedion of the epiglottis takes place, the lung*., 

which b;/ doling oi^ the larynx, Ihuts up all communication 

with the oigans of refpiration. To this dal's belong all thole 

t. 

• Thomfon’s Chemiftry, IIL 53. 

t RGjTpipaliQn has been divided into, 1. Inrpiration, or the in- 
grefs of air into the cells of the luligs, caufed by the enlargement 
of the yyhy of the cheft ^ 2, Into expiration, or the egrei's of air 
fjjc^jjrelunjgs, caufed by the contraction ot the cbelt. 
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Catl>anic acTd. 
Itseffedls; as 
d»*tbribt*H by Pi- 
tacre dc Kozier^ 


Gafps which can 
be .ulmitted into 
the lungs* 


Hjdrnfjen and 
azot kill by mere 
iuflccution. 


Gsfco which kill 
by a fpc’cdy poil- 
tive adV'ion. 


Nltious oxide 
jnd oxigen kill 
by a rtower ac- 
tion. 

Atmofphcric air 
mainuins life. 

This compound 
fluid lufes its ox- 
igen by ihatpio- 
cefs, 

and c.ir!»onic acid 
2 is jxroduced. 


g^ifeou^ bodies poHeired of acid properlies. The effedls of 
carbonic acid are defcribed as follows hy Pilatre de Rotier * 
He went into a brewer\s tub which was full of’ carbonic acid 
gii^ ; he al tird felt a (light heat throughout his whole body> 
whicli produced a gentle perfpiration ; an itching fenfation 
frequently o()liged him to clofe his eyes, and on attempting to 
breathe, he was prevented by a very violent fenfe of fuflTocation. 
He wiflied to get out of the tub, but being unable to find 
the ladder, the nccetfity of breathing incrcafed, he was feized 
with a violent giddinefs, and felt a tingling fenfation in bis 
cars. He al length contrived to exificate himfelf, and al- 
though he then experienced no difficulty in breathing, he wa» 
unable to diflinguifh the obje6!s around him ; his hearing was 
alfo much impaired. On repealing the experiment he found, 
that as long as he remained without attempting to breathe, he 
could readily move or even fpeak, but w'hcnever he tried ini* 
fpiralion, a violent fenfe of fuffocation came on. 

Blit there aro certain gafeous bodies wliicli may be drawn 
into the lungs, meeting with no oppolition from the organs of 
refpiration. Dr. Thomfon has divided Ihcfe into four clafles* 
The fird fet, he obferves, occa(ion immediate death, but pro- 
duce no vifible change in the blood ; they occafion the ani% 
lnaI^s death, merely by depriving him of air, in the fam» 
manner as were he immerfed in water : the only gafes belong- 
ing to this cUfs are hidrogen and azot. The fecond fet occa- 
iion immediate death alfo, but at the fame time produce cer- 
tain alterations in the blood ; and therefore kill, not only by 
depriving the animal of air, but by certain fpecific properties r 
the gafes belonging to this clafs are, carburetted hydrogen, 
fulphuretted hydrogen, carbonic oxide, and perhaps alfo ni- 
trous gas. The third fet of gafes 'may b eJ^reat h^l for fomc 
time without injury, btft deatl)* eni’ues at laft^provi^g^ their 
action be long enough continued : to this clafs belong th^ ni- 
trous oxide and oxigen gas. The fourth ^fet may be breathed 
any length of lime without injury : the only gafeous body 
longing to this clafs, is (he air of the atmofphcre, that com- 
pound of oxigen and azot every where fucrounding the globe. 

After an animal has breathed a certain quantity of «ir for a 
given time, it becomes lolafly unfit for refpiraliorj ; and if the 
air thus rerpired be chemically examined, we fliall^^d|_tbat 
the oxigen is greatly dimintfiied, and that a confiderabi^ 
lii^ carbonic Jd gas has bcon produced* 

lt‘ 
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It appears from a number of experiments made by Dr. Hales n“»nl>cr of 
Dr. Menzies, and Mr. Davy, that the number of refpirations 
made in a given time, as well as the quantity of air taken fn difteient pcr- 
into the lungs, are liable io confiderable variations in different {[utaic^ ^ 

• people* Some have calculated the number of relpirations at tommanly about 
H only in a minute, otliurs at UO; Mr.vDavy informs us ihat^^* 
be makes 26 or 27 in a minute $ but having frequently endea- 
voured to count the refpiratioos made by different people, in a 
given time, and without* their knowledge, I have found them 
vary from 18 to 2^ in a n^nute, moft commonly, however, 20 
or 21 ; and 21 in a mjnute make 30,2-10 in 2k hours* 

The quantity of air taken in at each refplration, inufl be Each refoiration 
in proportion to the tize of the perfon and the capacity of hichL^of 

lungs. About 41 cubic inches of air are taken in at every na-air. 
tural inrpiratlon* 

We now come to confider the changes which are produced. Phenomena of 
both in the air and blood, by refpiration. 1. On the changes *^*^^****^“^^®“‘ 
effected in the air. Dr. Prieftleyi M* Lavolfier, and Mr, 

Davy, have furnifhed us with many interefting and inflru6live 
experiments on this fubje61. The changes are, 1. That a Sortie air difap- 
portion of the air difappears; 2. That the air expired one”nirie^teent^^ 
from that 6rfl taken into the lungs, in containing carbonic and the evpired 
acid, and water in the dale of vapour. Dr. Menzios has®‘^ ****^'®‘^' 
(hewn, that ^ih of the air infpired difappears in the lungs, 
and the experiments of Lavoifier, which were made with ' 
much preciiion, differ but little from the above (latement. 1 
never knew the quantity of air which difappears to be lefs 
than i^th part of the whole taken into the lungs ; this ma/ 
however be liable, to variation in different people. 

It has hitherto been fuppofed that the portion of air which The abfoib^d afjr 
difappears, confiffs of the oxigen only : Mr. Davy has, how- ^c^oxigeifonl^' 
ever, giv^htf-^^sae^ery flrong reafon^tor fuppofing that part 
of ftzoke likewife difappears during refpiration. He fup. but appear, ro 1>6 
pofes that the average quantity of air which is abforbed a(»"P»«aavt. 
every refpiration, amounts to 1.4 cubic inches, of which 0.2 
are azot and 1.2 oxigen. 

Xiime-w»ater detects carbonic acid gas in the air emitted The emitted air 
from the lungs, and the quantity of this gas may eafily be 
inated,*by receiving the air expired into a graduated glafs 
jar, *ftanj^ing over mercury; a little cauftic foda being intro- 
daced^he abforptioo which lakes plac^ denotes the quantify 
XL— June, 1S0.5. Q of 
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uf caibonic acicL Lavoifier has eflimated the quantify of Ihis 
gas thrown out from the tuiigs tn hours, at about 13.5 
ounces troy. Mr. Davy makes ihe quantity thrown out in the 
^ifiout one cubic fame time, amount to 37 ounces, which is about 1 cubic inch 


i/ich each expi- 
ration. 


at every expiration ■*. The quantity however varies fiorii 0.5 ' 
cubif inch to 1.5 at diflcienl times in (he fame perfon, fo that 
But this vaues. ihiv; at counts tor the great variation in the above-mentioned 
experiments. Moreover the proportion varies, in the fame 
individual, during the hours ; htr 1 have found the quan- 
tity of carbonic acid gas ciniiled from my own luqgs, to be 
lather lets in the morning than levs ai clothe evening; but ihis 
alfo varies in different people. 

Aqueous vnpour But watery vapour is alio emitted in refpiration, thegreateft 
ein'trcd; which is probably given off by the exhalent arteries, 

which arc fo coploufly difperfed on the finlace of tlie'lungs, 
A pait is alfo emitted from the blood in the pulmonary velfels. 

The eftiraation of its quantiiy is attended with fome difTi- 
cully ; acccording to Dc. Hales it amounts in a day to ‘JO 
ounces: this h however but of little confequence, lor it is 
liable to much alUTation. 

Mine important changes however than thofe jufl mentioned 
are produced b) lefpiialion, namel), the alterations produced 
ill the blood; wdiicli lliiid, returning from every part of the 
body by the veins, is poured into the heart ; from whence, 
being propelled through the lungs, it h brought into cunla6l 
with the air, undergoing ccitain changes whidi render it fit 
lor the nourilhment and fupport of tlie body , Thcfe changes, 
which are of a very complicated nature, have engaged the 
attention of feveral learned and ingenious philofophers. Dr. 
Thomfon has enumerated them as follows: ]. The blood ab- 
iorbs air, 2. It acquires a florid red colour, and the chyle dif- 
:3. It emits c|u*bonic acid, and p^rhaipiH^irbon. 4. 

grange, have each adopted a different the- 
Vanoustheonci.. orv, by which they endeav(»ur to explain rfnd account for tbefe 
changes produced by rcfpiiation: they are all however liable 
to confiderable objcdlions, and reft merely on the fuppofition 
that the oxigen is alone abforbed. Now Mr. Davy has 
•thewn, that at icaft a portion of the azot difappears in the 


;n qiimtlty Vi- 
riablc. 


The hlood un> 
impor- 
nn^ changes 
dining icfpiia- 
‘lon. 


t( 'libioib'i air; 
beciunea Acrid 
icd; emits car- 
bonic icid ; and appears. 


vatc^ ^and per- water, and perhaps hydrogen. Dr. Pwc/I 
‘ J.dvoifier, and Lagrange, have each adopted a diffei 


Davy’s Kefearches, page 433- 
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lungs : he has even rendered it very probable (hat (he air is 
Dot (iecomimted, but that it is abforbed unaltered by the 
blood ; (hat it is deconipofed during circulation ; andtthal the 
Uietets portion of sizot is again given out. The following Mr. Davy ap* 

are in fupport oi' this opinion : ** When the gafeous 
of azot is refpired, its quantity is diiuipi(hed« carbonTt' apiJ with che uxigen» 
gas is evolved as ufual, and a quantity of azot makes its ap-*®' , 

/• > 1 ■ ' tacts from tb* 

pearance. Now as this azot did not exilt leparately, it multreipirationof 

have been produced fay ]he decotti poll lion of the gafeous azot. 

ide of azot ; but its quantity being much lefs than the azot 

contained in the oxide of azot which had difappeared, it 

follows that a part of tfiis lad gas had been abforbed unaltered; 

and if a part, why not the whole ? In that cafe the azotic gas 

mud have been feparated from the blood by the fubfequent 

decompofilion ot the oxide of azot abibrbed Atmofpheric 

air is compofed of exadllv the fame ingredients as the oxide 

of azot, merely in different proportions, and in a date of lefs 

intimate chemical combination. It ivS' moreover natural to afkiOxIgcn alone 10 

that if oxigen were alone abtorbed by the blood, why (hould f”*" 

not anfvver the fame purpufes as air ^ It is well known (hat 

this gas cannot be refpired fora length of lime without pro* 

ducing fatal confequences ; but even when if is fel’pired, (he 

quantity (of oxigen) which difappears is much fmaller than Much lelk is zb- 

when a like quantity of atmofpheric air is breathed for the^^r^^** 

^ •' I ’ II • when a like 

ferae time. Mr. Davy has given the following experiment inquamity of at- 

proof of this fa^l: He breathed 182 cubic inches of oxigen 
^ . - I ir 1 . breathed, 

gas lor half a minute, 11.4 c. inches dilappeared; whereas 

when the experiment was repeated Under the fame circum* 

dances with atmofpheric air, the quantity abforbed amounted 

to 15.0' cubic inches. 

It was firft obferved by Lower, that (he colour of venou s Lower fit d ob- 
blood, wh'ich is d#rk reddifti purplci Was converted into cobur 

fioij^kfeorl^t colour of arterial blooJJ in its palfage through in venous bio^ 
the lungs. The phenomena of refpiration, however, dill re-hy lefpiratbij. 
matned unexplained, until Dr. Priedley publiftied Ids experi- 
ments on the changes produced in venous and arterial blood 
when put in conla6l with certain gafeous bodies. f He ob-PneftI<*y ihcwed 
ferves, that having introduced pieces of the crafTamentum of 

* , oxigeuQ. 

♦ Thoihfon’s Syfteiii of Chemiftry, Vol. IV. page 7 IS. 



icfllry on Air, Vgfl. III. page 71. 
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coagulated flieep’s blood into dr*pl*.IogifHcalcd air (oxigen gas); 
the blackeft parts atrunied a florid red colour, and that more 
readily ||ian they would ha%'e done if common air only had 
been 111 lido life ot : Wiicn^as the brighleft red blood became 
preienily black in any kind of air un/ji for refpiration, as in 
fixed air, d^'c. ; and after having become black in phlogifti- 
cated air (azol), it regained its red colour on being brought 
into conta^ with common air, the fame blood becoming al- 
ternately black and fcarlet, by being transferred from phlo- 
gillicatcd into dephlogiflicated air, and vice verj'ci,” 

'riiefc then may be rcgardeil as the experiments which gave 
origin to all fublcquent enquiries. • 

The food which is taken into the body is converted into 
chyle and excrement'^ ; the former of which is abforbed by a 
fel of vetfels termed la^leaks, wliicli convey their fluid into the 
thoracic dtidl. The term lymph has been applied to that fluid 
wdiich lubricates the furfaces of all the circumlcribed cavities- 
of the body : This fluid is abfoibed by a fet of veflcls termed 
lymphatics, which of coiirfe originate in every part of the 
body ; ihtiy likcwife terminate in the thoracic du 6 l, which 
therefore is the great reiervoir of the abfoi bent fyftem; it re- 
ceives the chyle and lymph, and conveys them to the blood ; 
Ihev arc here decompofed, and converted into new fubflances 
nccefl'ary to the fupport of the body. Now the coagulable 
lymph, or flbrina, appears to be the inofl eflential part of the 
blood, for it is employed to fupply the wafle of the mtifcles, 
iS'c, and Dr. Thomlon has accounted for its formation in the 
following mannneri*: ** It tbllows,'' fays he, from the ex- 
periments of Fourcroy, that flbrina contains more azot and 
lefs hydrogen and carbon than any of the ingredients of the 
blood, and confequenlly alfo than any of the ingredients of 
the chyle. In what manner the chyle, or a«^art of it, is con- 
verted into flbrina, it is*‘impoflible to fay : We are i? 9 t/titji- 


• The food, on being received into the ftomach, is converted into 
.'I pulpy lubflance termed chyme. This alteration is etFc£Icd by a 
peculiar fluid called gaflric juice, which is fecreted by the internal 
coats of the ftomach. The chyme thus formed is propelled into the 
duodenum, where it meets with the bile, which converts it«into a 
fluid much rqfembling milk, teiTned chyle, and into excrement, 
t Thomfon's Chemiflry, 2d Edit, Vol. IV, page 12jji ^ 

ciSjtly 
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cienlly acquainted with the fubje^t to be able to explain the 
procefs. But we can fee at leaft, that carbon and hydrogen ufe of refpira- 
miift be abftraded from that part of the chyle which is to be 
converted into hbnna, and we knew that tnele fubltances are 
’actually thrown out in refplration. We may conclude then 
that oncf ufe of tfie air abforbed is to ahtlrad a quantify gf 
carbon and hydrogen from a part ol the chyle by compound 
affinity, in fuch a manner that the remainder becomes fibrina : 

Th*irefore one end of refpiration is to form fibrina. 

It appears then, from tjje above-mentioned fafls, that the l-ifi cannot tub- 
perfcdlion of the blood is aimed totally dependent on refpi- 
ration ; whenever therefore this fun^ion is fufpended but for 
a very fliort lime, death is the conlequence. 

Jt is well known that all the more perie6l animals poflefs a The elevated 
lemperafure confiderably higher than the furrounding atmo^ thTmorrpcrffft 
fplierc: the caufe however of this increafed temperature, re- animals is caufed 
mained unexplained for a confiderable lime. At length Dr. 

Black’s theory of latent heat became known, when feveral fation of nU. 
attempts were made to explain the caufe of the increafe of 
temperature, or ftandard heat of the body, but none of them 
were fatisfadory. Dr, Thomlbn has however given us the 
following ingenious theory ; As the air is abfor.bed unaltered 
by the blood, it is evident that it will give out the grealoft 
portion ot its caloric during circulation ; that portion therefore 
which is emitted at the indant that the air combines with the 
blood, is united to the carbonic acid, converting it into the 
dale of .gas, ’and the water into vapour. It appears more- 
over, that the heat of the bhxid is fomewhat raifed during 
circulation ; for Mr. John Hunter found that the blood in llm 
heart was a degree higher than in any other part of the body. 

From the fa^s which have now been alluded to, it appears Recapitulation, 
that the following Changes are produced by rtTpiralion : The 
bioMkis^fiaopelled, by tiie contraction of the heart, into the 
pulmonary artery, which, by its numerous ramifications, con- 
veys the blood into ihe final I branches of the air-cells of the 
lung.s, which are of fo fine a texture as to admit the abforption 
of a portion of air. I'he blood having undergone this alterai^ 
lion, is returned into the heart by the pulmonary veins, from 
whence* it is circulated over the v^hole body. During the cir- 
culation, ^the air which has been abfoibed undergoes a gradual 
decoiDi^fition ; carbonic acid and water are formed, which, 

fogeihcr 
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together with a portion of ascot, are returned by the veins, and 
thrown out as th<^ blood palTes through the lungs, A iieth 
portion of air is at the fame time abler bed, and the above 
changes repeated. 

Thefe then are the effects of refpiralion, as far as we are at 
prffent acquainted with them ; but this iniporlanl branch of 
pbyliology ftill remains in confiderable obfciirily, 

yirlington Street^ WILIJAM BRANDE. 

jjpril 2.9, ISOo. 


IV. 

Jnftruclion on the Proccjps difeovered hy M, Br alle, of Jtmiens, 
for zvattring Hemp in Tzeo Hours [i t me, in all Seafon^, with-* 
out injuring its duality Publfjktd by Order of the Ajinifter 
of the Interior of France* 

Experiments on In the month of Fru6lidor in the year XT. (September 1803.) 
of Tiic French the government called to Pans M. Hralle, of Amiens, the in- 
jovemment. venior of new proceflTes f >r wniering iitMnp, This difeovery, 
which is interefling to agriculture, inamifai*1iires, commerce, 
and the marine, had engaged its attention ; oiders were given 
to make the experiments requifite to afeertain its value. 

Every thing which could elucidate the principles and 
pra^lice of M. Bralle’s procefles, which could prove and in-^ 
fure their fuccefs, was put in praclice. Numerous and varied 
trials were made in the pre fence of M. M. Monge and 
Berthollel, fenators, and Teiffier, member of the Inftitutc. 
M. Molard, ariminiflrj^lor of the confervalory of arts and 
manufaflures, directed llitife (rials, and carefully purfued 
them for fix months. ,,iTbe refults were equal to the ex- 
pe6tations that had been formed. * . 

From the account rendered to his imperial Majefly, it was 
judged that the knowledge of a more expeditious method of 
watering hemp, than thpfe employed at prefenf, which 
is pradipable at all feafons, and is in no refpedl injurious to 
beallh, bv means of which a greater produce can be obtained 
from an equal quantify of thevnaterials; and, which.muH extend 

^ From Bibliothequc phyiico Economique, Brumaire, Ah< 
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and multiply the culture of an extremely valuable plant; could 
not be loo extenfively publiflied. In conformily to this defire, 
we (hall brji^y defcribe M. BraHe\s procelles, relate the 
experimei.t' which have been made, and offer ibnie obferva- 
tions on the utility and advantages which are promifed by this 
new difcovery, v ^ . 

§L ■ 


The VroQcUts of M. Dmllc. 


The means used by M. Bralle for watering hemp, are 
1ft, Water is healed in a vclfel to the teniperat are of from 
72^ to 76® of Reaumur's thermometer; (200® t‘ahr.) 

2nd. A quantity of green foap (fUron rer(f) is added pro- 
portional (o the quantity of ihe hemp lo be fleeped. 

3rd. The hemp is then immerfed fo that it fttalibe covered by 
the tluici, after which the vellcl is clofed, and tiie fire put 


M. Brnllc’s pro- 
cefs. The 
hemp is ftecpcd 
in hot Water 

with fo'jp. 


CHlt. 


41 h. The henip is left in this (late of maceration for two 
houis, and then taken out. 

The weight of foup required for a complete fteeping, h to Proportions of 
that of hemp-ftalks as 1 to 48 ; and (be weight of the hemp articles, 
to that of the water as 48 to 660. 

S'^veral fteepings may he made one after the other. It is Thr prf>cifsm.iy 
fufficient, Ijefore each new immeifion, to add a 

foap water to replace what was abforbed by the preceding, the lumc wa.rr. 
and to raife the temperature ot tim bath to the above degree. 

Tlic fame water may be thus employed tor fifteen fucceflive 


days. 

When the bundles are taken out of fife fteeping veffel, they 
are covered with a layer of’ ftraw, that they may cool gradually, 
without lofing their humidity. 

Next day they fee I'pread on a floor, pnflilng the bands to- B'pahing th«* 
wasMf tllfe ^op of the ftems, and a roller ot ftone or wood, 
loaded with a weight, is pafted feverai times over them, to 
cruftt them, and difpofe the low to' be eafily (cparaled from 
the reed, wdiich is efie61ed by beating. W^hether the hemp beating, 
be wet or dry, it ])eels completely in either ftale. 

After having tied die handfulls of the tow' peeled off while 
wet, aT the^lop, they are fprea(l on the grafs, turned, and, 
after five or fix days, carried to the warehoufe. 


The 



gg; Watering hemp. 

The bendfulfa of fteeped and cruAied hemp which are in- 
tended to be beaten and Aripped dry muft alfo be expofed on 
the grafs ; this operation being abfolutely ncceffjyy to whiten 
the low, and facilitate the reparation of the reed. 


§ n. 

>■ 

llec^pituhtion qf the Experiment$> 


The enperiments 
vftiC varied to 
afcei ta n the 
rc^uifitc 


Teixiperatore^ 


ttmcj and 
proportion nf 

foap. 


Refultf or 
l^eneval obterva- 
tions on the 
pi oafs. 


By means of a portable ftceping veflel, different quantities 
of hemp were Aeeped^.the temperature of the foapy liquor 
was varied at pleafure, and the ft^te^of the hemp wa§ obferved 
during die courfe of each operation, of which the doratipn 
was more or lefs prolonged, in order to afcertain ; 

1ft. The temperature which the foapy liquor ought to have 
before the immerfton of the hemp ; 

2nd., The time neceftary tor a complete fteeping, at a de- 
terminate temperature; 

3rd. The quantity of foap abfolutely neceffary for a given 
weight of hemp-ftalks, weighed before the iininerfion, &c. 

From a great number of experiments made in the monthb of 
January, Febrpary, and March lafi, it was found, 

1 ft. That containing the quantity of green foapdireded 
by M. Bralle, foi* a given weight of hemp, etfedls the fteeping 
completely ; 

2nd. That the fteeping is fo much the more fpeedy as the 
temperature of the fluid Is nearer to ebullition, at the time of 
the iinmcrftou of the hemp; 

, 3rd. That if the hemp be kept more thaq two hours in the 
fteeping veflel, the time preferibed by M. Bralle for obtaining 
a, complete watering, the tow feparates equally well from the 
reed, but it ^cquifps i deeper colour, and Ipfes pari of its 
llrcngth ; . : 

4>th. That if the hempbq Immerfed in atcold foapy liquor, 
and heat be then applit:d, the fteeping is not accov^pUlh-ed 
fo perfectly, whatever degree of temperature, may be given 
to the liquor, and however long the imiperiion may be con- 
tinued*; 

5th. That the bundles of hemp irofnerfed and kept vertically 
in thd veflel, are fteeped more, uniformly than if they were 
laid horizontally ; and (his poiUionalfo facilitates the mafiipula- 
lion. 


* Frobably the fluid between the fibres is not heated, be?hvfe its 
conduifting power is bad, and it is prevented from circulating."^. 
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§ HI. 

Ohfervations on the Ulilitjf and Advantages of the Nciv Difcateryn 

Two methods only of ileepine hemp are generally pra6lifed. Defcription of 
• > -T.1 ^ rt j • I t i I ’ r j the methodB of 

The hrft cr)nnlti; in ipreadiiig the p:anl on ihe grals, 

turning i! tvvg or three times a week, unliJ the air, (heli^it, l];ieas heretofore 
dews, or the rains, have difpoled the tow lo feparate cafily ^*'^**^ ^ 

the reed. The refult is obtained m a longer or (hotter timc*,grafj. 
according to the weather, amrthe ftate of the air; and fre- 
qiieiUl)', in certain countjies, the operation is not finidied in 
lefs than forty days. > 

The (iecond coiififts^n immerfing Ihe bundles of hemp in 2 . Steeping; 
rivers, brooks, ditches, or pools, and keeping them there i or 
eight, (ifleen, twenty, or even thirty days, according to ihe 
degree. of the heat of Ihe water, or of the atmofphere. 

I'lie maceration effected by both thefe procefles is frequently Thcfe procefTes 
incomplete, and alw'ays unequal. By (ollowing the firft, the 
cultivator is liable to have his crop dirperfed by the winds, or 
injured by long rains: if he adopts the fecond, he runs llie 
ri(k of loiing a part oi it by the overflowing of the rivers, or 
of its being covered xvitli mud. The firft method in particular, 
is liable to the ferious inconvenience ot depriving the nutiunal 
marine of part of the hemp produced by our territory : it is 
known that the tow produced from the hemp which has been 
expofed on the grafs is not ufed by the government. 

The fteeping ol hemp according to M. Bralle's procefs, S'*pcdonty of 
require^ only a copper cylindrical vclTel, placed on a fmall^^ newprocefs. 
furnace of bricks. 

.A fteeping veftel of this kind^ containing 240 litres of 
water, (.52 ale gallons) is fufficient tofieep 18 kilogrammes of 
henip-ftolks, (about 40lb.) -and as the operation is completed 
in .two hours, 10# kdograntroes .(22llb0 may be eafily fleeped 
in^da5k • ^ 

This method appears (0 deferve the preference over the 
former ones, on many accounts. 

ift. The fteeping is pra6licablc all the year, except during It is pra£licable ' 
very hard frofts, when it is difficult to dry the hemp. But 
when it is to be peeled wet, the cold h no longer an obftacle; 
it is itien only neceffary to take proper precautions for pre- 
venting the low from freezing in its humid ftate. 
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faves tinie> 


and rs not in-* 
juiioua to health. 


Apparatus on a 
lar^^er fcaiet 


Comparative 
exptnce of the 
two proceiTes* 


2nd. The time of fteepinjsj being only (wo hoars, affords a 
faving of time of great value to the cultivator, particularly 
tearing the (oafon of harvcfl. , 

3rd. The workman has no caiife to fear any injury of hi^t 
heahh : it is fufficient to keep iip a current of air while the 
bitpdldl are plunged jnto and taken out of the (leeping veffel * 
the handlulls of tlalks or tow^, which are afterwards expofed 
on the grafs, do not emit any bad fmeil, or vitiate tlie purity 
of the air, whatever may be the quantity of liemp dried at 
once in the fame place. 

Every one knows, that when the bundles of hemp deeped 
in water in the old method, are taken out and waflied, they 
emit an infectious odour which becomes mfupportable during 
the heats, and to which ferious diforders are aferihed. The 
valley of (be department of the Somme, and many others in 
which hemp is fteeped, afford too convincing proofs. The 
waters are rendered unfit for the ufe of cattle, and the filh 
contained in them are frequently deflroyed. 

To accelerate the operation of fteeping by the new procefs, 
in countries where there is an exteufive culture of it, inftead 
of the portable deeping veflel which was made tife of in the 
experiment)^, the following apparatus may be adopted, con- 
fiding of a boiler and four wooden tubs, ferving for deeping 
^reflels. 

After having heated tl>e foapy matter to ebullition, it is 
fufifered to flow through a cock, into two of ihefe tubs filled 
with bundles of hemp, and clofcri by a cover; while the deep- 
ing is going on in the two fird tubs, the neceffiiry quantity of 
liquor i# heated, to bebonveyed into the other two, which are 
alfo filled with bundles of' hemp, and ciofed with lids. 

By means of this very Ample apparatus, a confideraWe 
quantity of hemp may be deeped in a dayAvlthout interrup- 
tion. ^ 

4th. The expence of deeping in water, compared with that 
required by the method of M. Bialle, k nearly the fame, 
when the froall deeping veflel is made u.fe of; but if a cauldron, 
radier large, and the deeping tubs which hare been mentioned 
are employed, the cod will be ditniniflied more than a half. 

In the ex pence of thj? fird includes llie conv^ance 
of the hemp to be deeped, (be lime employed in forndng the 
bundles of hemp into a fort of rafts, that they may w funk 
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by load'inig them with ftones^ turf» clods of e^rili, and even 
mud; in fixing and fecurijpg thefe rafts by driving in ilakes ; 
tedious woskt and the more troublefome, becaufo^ IQ 
kilogrammes of hemp-ftalks cannol be immerfed without a 
weight of 15 or 20 kilogrammes, and, after the deeping, all 
this mats mud be removed^ to lake Ihe bundles out%of the, 

^ater, and w'ajh them.. . , 

The cod of the new procefs confifts principally in the price 
of the folvent made ufe which, amounts to aboot eight 
centimes for a kilogramme of t<»w. To this (liould.be added 
the price of conibuflible^tieceflary for healing the iiquorj if 
this combudible was itot afforded by the reeds of the bundles^, 
whether they are peeleiwet or dry# 

At an equal expence, the new procefs is flill preferable to 
the old, becaufe, from what has been faid^ it readers the 
manipulation more expeditious, and more ea(y. 

5lh. J^ight kilogrammes of hemp-flalks deeped by the new' comparaiivepr*- 
procefs, commonly produce tw’O kilogrammes of pure tow^**^^*^* 
by peeling when wet; whereas hemp deeped in water by the 
old procefs, and beaten, does not yield more from eight 
kilogrammes than one and a half# . 

The dry peeling of hemp deeped in the old way does not 
produce the fame quantity as that which is peeled when wet; 
the breaking of the reed in many places occafions a greater 
lofs of tow. 

The iTemp being waflied, beaten, and combed in the old 
mefbod, a kilogramme of long low is obtained from four 
kilogrammes of the rough, tow; the reroairider is tliort duff, 
hards and dud. 

The fame quswitity of ,bemp, manipulated in the new way, 
yields I wo kilogrammes of long tow, one kilogramme of 
fecond tow, and^bout a kilogramme of (bort duflT and hards. 

^^hu^from eight kilogrammes 0^ hcmpJtalks, two kilo- 
grammes are obtained in rough tow by the new procefs, and 
from this quantity, is obtained one kiUogramme of the drd 
tow, which does not exift in any knowamanipulation. 

6th. The inhabitants of the banks of rivers and of the Extenflon of the 
valleys, are almoft the onfy perfons who cultivate hemp : 
they sowe this privilege to the vicinity of the whalers, and 
the HiimicHly of the foil. By Ihe new procefs the culture of 
bcipj[)/^il] be extended to all places, and procure a new and 

very 
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^ very advantageous occupation to the inhabitants of the plains, 
tl)c land of which is much more vegetative than (hat of the 
marAies. 

It is an error to fappofe that hemp cannot grow to a great 
height in (he plains ; it is a fa£l, that it riles to the height 
of , twd yards, in land which has been well ploughed and 
manured, when mild rains have promoted germinanation 
and growth. 

It is equally a fad, that there is ^very wiicre a fufficient 
quantity of fpring or cift^rn water to Acep the hemp by the 
new procefs : if droughts Aiould fupervene, which belides are 
only accidental, the fteeping may be deferred. 

It will, therefore, be polTible to cultivate hemp in the plains, 
and in low lands, which are always rich and fertile, though 
frequently without fprings of water, and to augment not only 
(he mafs of our products, but alfo our riches of tins dei‘crip« 
tion, Ance one acre of good hemp yields as much profit as two 
acres of wheat. 

Summary of the Such are the effeds which may be expe6ted from M. Bralle’s 

advantages method of fteeping hemp. It is, as was obferved at the 

arifing trom this .. r T. . . « i-,. i* • 

procefs. commencement or this inKfuction, more expeditious than 

thofe hitherto employed ; it perfe6tly completes the Aeepii^g; 
it may be ufed at all feafons; it does not affedt the purity of 
the air ; from an equal quantity of materials, it procures a 
more abundant produce; and laAly, it is well calculated to 
extend the cultivation of the plant itfelf. The enlightened 
lovers of agriculture, and well-informed proprietors, who 
live upon and cultivate their ow^n eAates, without being 
Haves to the cuftomary pra^ices, will adopt it, and fecure its 
advantages, by rep^tmg the experiments “ which have 
afccrtained its merit, and alfo , by making trials on a more 
extenfivc fcale than thofe vvhicli took place ifi the confer vat ory 
of arts and manufadtures. Their example will beib!Iov\^d, 
the procefs of M. Bralle will be extended, and we fiiall fee 
portable Aeeping veflels^ Amilar to thofe ufed* by M. Molard, 
multiplied ; a cheap apparatus which requires very Httle 
repairs, and by means of which the hemp grown through the 
extent of one or of feveral communes may be Aeeped even in 
the Acid on which it grew. 


V; 
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V. 

Defer iption qf a Portable Steam Engine. Bp Mr. Matthew 
Murray. 

To Mr. NICHOLSON. 

S I R, 

I TAKE the liberty of banding yoa the defeription of a port- 
able fleam engine of my, conflrudion, which you will have 
the goodnefs to mfert in your Philofophtcai Journal, 1 wili 
juft obferve it is reduced tolhefeweft parts that pra^ical utility 
will admit, which muft nOceflUrily render it of great advantage; 
as the liraplicity of its parts make it nearly impoftible to be 
out of order with a very moderate degree of management. 

The following defcriplion and reference to the plate will ex- 
plain the nature of this engine. 

I am. Sir, 

Your much obliged humble fert'ant, 

MATTHEW MURRAY. 

Leeds, May 1th, 1805. 

Defcriplion of a Portable Steam Engine.^— PlateYll. 

A A Reprefents the ground or floor on which the engine Dcfcnptlon oT 
flands. 

B Section of a recefs made in the ground for the beam O 
4o work in. 

C. Iron clflern refting upon the ground or floor covering 
the recefs for the beam. 

D An opening in the floor to admit a boy to oil the centers 
of the beam. 

£ A double ft^am cylinder, haidng an upright pipe in the 
in^fipmadiaie fpace, which efFe6ls a communication between 
the top and bottom and the valve box G. 

F A fteam pipa that communicates with the boiler through 
which all the fteam paftes and furrounds the inner cylinder in 
its way ip the valve box, prior to its application againft the 
pifton. 

G •The valve box fixed upoy a proje6lion from the cylin- 
der bottom,* having an opening or connedlion with the interval 
belwedn the two cylinders. In this opening is a regulating 

valve 
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Defcnptlonof vafve for adjufltng the quantity of fleam (that a£l$ againfl the 
|>ifton) in its palfage through the valve box. There are alfo 
three other openings in the bottom of this valve box, one of 
which connefts with the top of the cylinder by the pipe in the 
intermediate fpace, the fecond with the bottom, and the third’ 
with the eduction pipe that leads to the condenfor. Two of 
thefe openings are alternately cemneded together by a Hide 
valve,* while the third is left open for the adniiflion of Heanx 
to the pifion, liiis vafve changes its poiilion at the end of each 
iiroke of the piflon, and performs ^11 the purpofes of the moll 
complicated machine. 

H The air-pump connefled with a condenfer at the bottom 
of the educlioii pipe. 

1. The fly wheel fixed upon an axis which receives its 
motion from a crank connected with the beam by the rod K. 

LL Two rods for coiinedting the motion of the piflon to 
the beam, thefe rods move perpendicularly by a motion which 
could not be conveniently fiicwn in this view without render- 
ing it confufed. 

M A fpherical triangle turn'd by the crank for moving the 
Aide valve by the horizontal rod ,N that connedls them toge- 
ther. Tliis motion has the advantage of preventing the engine 
from ever turning (be contrary way round from that which it 
is wanted to go, and prevents the noife that is ufualiy heard in 
engines. 

O The beam attached to the bottom of the ci/Iern C by 
means of the hanging carriages P. 

Q A refi or fixture in a wall for the end of the fly wheel 
(haft; this will vary according to the fituation where the en- 
gine is to be fixed, or it may be fapported by a metal flandar^- 

R. Index (u the injection cock that admits water to the 
condenfer. No/ef The ci/lern is to be kept Nearly full of water 
during the time the engine is at work. 

The cylinder G and valve box E muft be fiirrounded on all 
fidesbyacafe (not fliewn in this view) the fpace between 
illed with charcoal to prevent the tranfmlflron of lieat, which 
if effectually done w'ill woik with the lea A pofflble quantity of 
coals, as it combines the advantages of every other engine 
hitfaerto known. By detaching the air-pump and condenfer 


* For thefe valves 1 took out a patent In 1802. ^ 


^whicb 
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(which may he done in half an hour) and where water cannot IXcnption of 
be fiad Tor coiidenfalion, (his engine may be worked by the 
Jirt'lliire of ft»ong fteam alone, as the internal cylinder is kept 
as liot as (he ilcam in the boiler, f This dangerous plan never 
<uight t(» be reforted to but in cafes of neceflity, as it is no far- 
ing of coals, and as there can be no certain rule wheit to c|j(- 
conlintje tlie ufe of the boiler, the weaknefs of which is not 
pieveotcd bv putting the (ire in a lube in the iufide of it. This 
engine requiren no framing nor milUwright work in the fixing, 
but rnerol) boiling down to the floor it ftands upon. It takes 
up very little room, and all its parts are within reach; without 
the neceflity of uppei^floorsor ftages, which would be the cafe 
if the beam' was above; but by being fixed below and alone, 
it has no tendency to move from its filuation. 



ixlter from Mi\ J. C. Horn blower. Engineer, <m the Meu^ 
. Jure Force Horfe FavicrUm 


To Mr. NICHOLSON. 

Dear Sir, 

I AM induced to (rouble you on account of the prefent un- Unccrt.*.inty of 
fettled date of things rel'pe6ling what is ufually called the power p^cT^f 
of akorfe, 1 do not know wdiy a matter of this fort fliould a horfe. 
remain fo difregarded, efpeeially us it has fo long become one 
of our data, comprehending the unities of weight, fpace and 
time, by which we are to be uittlerflood in our communica- 
tions. on the fu‘ jecl. and by which we are to afeertain the pre- 
• • 

nre at prefvat wofkel in London and elfewhere 
by the mure force of fleam, without condvnfatioii, under Trevithioi^)'* 
patent. The force 1^ from 45 to 60 lb. on the round inch ; a prtf- 
iure equal to about 95 fathoms of water at the mofl. Various af- 
feftions and repoits concerniiig the iafety, the economy, ahd the 
other efTefls of thefc engines nave paffed under my notice ; but the 
tnterefted iituation of fame of the narrators on both fides, and the 
ihort time of^trial, have induced me to wait for more fafls before I 
ihould give any account of the engine in this Journal. 1 hope to 
4o this a few months hence.— W. N. 

cife 
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ciTe value or effect of any mil! or eni^inein and about London# 
Indeed I do not know why it was adopted lor the purpolos in- 
tended, ii beiuij fo indctlnite. 

This unity pro- I can ealily conceive it probable th.it fomebody who has cm* 
bab.'y aroft- t»omp|o^e(t horfes fur fume time in mill-work, may have applied to - 
bc?ngS?tutcd^^2<^'f*K^ncer, and (aid 1 have a mind to have my work done 
&r horRs. by a fleam engine inficad nf hones, for I am to a point that I 
fludi fare money t)y it, and pleafe to give me an eftiiiiate of tho 
coft of an engine that will do the w'oilc of iiiy horfes;” and 
then the engineer fets about golfing informalion as to what 
may be deemed the effccl a horfe can produce, and calls it the 
Defaguliers W/e power; and perhaps Jiaving Di^Hlgulior’a Experimental 
.confidtrs It as Philofophy at hand, applies to him, and there he finds that a 
fca ® hogfbead of wafer “>0 feel high in a inimite; 

then what is the weiglit of a hugii'ei l of water, and he finds 
from (bme particulars nduted by him, ‘iml vol. p.igf* 505, that 
a hogfliead ul water is e^aal to 550 lb. but ot wh.it meafuie 
‘ is uncertain, for the ale hogfliead, 51 gallons, is 5 U) ib, and 
the wine hogfliead, gallons, is "iOl lb* ret Loning the cubic 
foot at 1000 ounces avoirdupois. 

Another efti- Some engineers \v!io have very nnceremonionlly lakcn the 
mate; ncaiiy jcajj i|, (his afl'air, have adopted I do not know what Tor a (/<i- 
Scf^uicrsl'^ refult is this: yVn engine by calciiUiing 10 Ib. on 

the fquarc inch, making the whole preiriiier:= 1000, moving 
through 200 feet per niinulu, is called a cugiV/e. — 

Let us fee then what will be the of one horfe according 
to this faff. 

1000^^* X 200*^’ r=: 200000 = the whole effefl, then- '" — 

= the efFedi of one horfe. Now' compare this with tlie oflimatc 
of Dr. Defaguliers, which is a hogfliead of wafer at 550 lb. 
50feet high in a minute; 550lb.x50ft. =r^750ttand ; 50000 
— 27500 == 22500 = ll»e diflerence between one of Mr. 
Wattes horfes and one uf ihedodlor's, on the lorn/er of wtfich 
I make no comment. 

Smeaiton^s eft'i* Smeaton, whom I hold as having Superior claim topre* 

Jcfs^tlia'r*Dc- cedency on fubjedls of this nature, has utterly difapproved of 
feguiicrs# Defagulier’s experiment by, the moft powerful conviction of 
its fallibility, formed by concliifions drawn I'rom fterling ex- 
perience in the accomprdhmdnt of works on a large fcale; and 
he Hates the greatelt cifed to be 40 feet high in a minute; but 


Stneaiton^s efti* 
nace one-firth 
lefs than De* 
faguiiers# 
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Ci3 this is ftill in the commonly {\ A', to the weight 

of the hogfliead, 1 would rath*;i uun \ ; ^ nho iia/e made 

Ih^eir ?;\perinients on a weight of toiiii matter, exprciTcd in 
terms which cannot be midaketu 

I remember to have had feme con verfatiijn on thisjubjc6t Mention of 
many ago, with the late Samuel More, at that time f»- the reatr^!^™ 
cretary to the Society for the Jfmeouragement of Arts, &c. againft hort^s, 
when he (licwed an iiiUrument ConIlru6ted on purpoCe to de- 
termine tlie rcfiftance againd horfes at plough. I do not re- la ■•i>rumrMt. 
collect that { made any minutes on the refult of our converiV 
tion, fu can only fay that his relation of the fadl fiirprifed me, 
until 1 came to compare it with the effect of horfes a6tuaily 
applied to overcome a load drawn up a ftiaft in a mine; but I 
had not the fame means of determining the re-adlion that ho 
had; however, the refult of his experiment may be feen in the 
Tranfadions of that Society; fome oblervalions on it may ho 
feen in the 'Jd vol. quarto, of the Philofophical Journal, page 
ISG, o?iIy tlicre feems to be a miflake in the dedudion in (ho 
nolc: it rtioiild be I- : 10 : : 1373 : 52 + 

1 much wiili to have an experiment like Mr. Morels made rro|)ofcd experi- 
bv a Hedge drawn forwards and back vizards on a level road, 
with Mr. Morc^ inftrument jdaced between it and the horfes; 
fuch an experiment would be very pradicable, and the fmall 
deviation from the true level of a road would be compenlated 
by alternately going firft one way and then the other. 

It is true that we are Ijccome pretty well acquainted with Uncertainty of 
what may bt’ done by horfes in grinding mall, pumping liquor oP 

and worts in breweries; but there arc (b many fortuitous cir- from tuLi n^ or 
cumHances to be regarded, even here, that nothing derided &'-• 

can refult from the clofcft inveftigation. For inftance, fome 
brewers chide to have their malt ground much lowxr than 
others; the pump-^ork is executed fome breweries under 
veF^<liffcnnt advantages, and from local circumHuiices may 
be retarded by the inertia neceffary to communicate motion 
from the wheel to the work, adding the different condition of 
valves, buckets, &c. All ihefe confiderations demand fome 
invariable refiffancc to be overcome by the exertion of the horfe, 
and I know of nothing fo appropriate as that I have juft men. 

(ioned. ^ • 

The power of a borfe (by which I mean the mechanic Difficin^v of 
oowerj is not calily afcerlained. It has fcarce any analogy not 

xrr t TI ©nly ifdm t iri 

Voi. XI,-*JuNE, 1805. H With work, but the 
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clafs of horfes with a weight defcendin^ througli a given fpace or a qaanlitr 
employed, water falling a given height, and therefore is better ex- 

pretTed by the terms effe6t, refidauce, re-a6lion, &c. and 
even then, to be any thing like precife, wc ought to diferimi- 
nate vyhether brewers* horfes, or higlers* horfesi waggon horfes 
or coach horfesi heavy horfes or light, and if you will go into 
the country among the Goal-mines> you will have another clafs 
of thefe animals, which I know not what to call unlefs il be 
poor horfes, full worked and half fiarved; in fliorl, I mean 
that neither one or the other oughtdo be taken into the account 
as the meafure of a mechanic power, ^ 

Mr. More’s Neverthelefs it feems deiirable to have foinc popular ex- 
ettimatcof 8olb. preffion for the application of whatever may be fubfiituled in 
Ttns'ls place of horfes, whether fleam, water or wind; nor can 

thiec fouiths of* there be any objection to faying, equal to the work of fo 
* many horfes,*^ provided we can attain to a clear, unequivocal 
and fomewhat exa6l value, aUribulahle to that ppvver, and if 
' I may give my own opinion, I think Mr* More has ftaled tf»e 
utmotleflTe^l to be SOlb, three miles per hour, in fiich horlcs as 
arc proper for giving motion to mill-work, and at fuch fpells as 
will not exhaufl the breath or flrcngth of the animal. 

Remarks. ^ furprifed to find this mode of calculation has obtained 

fo far as to determine the power engines employed purely as 
pumping engines, as lately at the Tunnel, the New Docks, 
&c. bill I am glad it reaches no further than the bilU of mor- 
tality, and 1 hear that the Dutch method of hoiHing goods to 
warehoufes has lately been adopted at feme of our new docks. 
O tcnqwra, 0 mores! While other countries are availing Iheni- 
felves of the application of the fleam engine in place of ani- 
mal labour, we are taking up the expedients of thofe who have 
fcarce heard there is^ny fuch thing as a fleam enj^ine, or who 
cannot appreciate its v^ue on that degree bf evidence we have 
in our own country. 

Whether the objcdled to by fome to alter the prefent data, 

horfe power or however erroneous, as we fliall be obliged to require 20 horfe 
uor^it^ought engines tnflead of 10 (for it appears the eflimate is nearly, if 
furciy to be free not quite ccftf, per emt, more than it fhould be] ; but even that 
trom ambi^juity. make no dilT'erence in any refpedt llian as makinjg a rent 
in an egregious error; the coft of an engine cannot be altered 
by it, nor the confumption of fuel, but a material convenience 
would be the refult of fuch a regulation, confidering the ad- 
3 ^ vantage^ 


Remarks. 


Whether the 
horfe power or 
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Vantage of a coincidence in this point throughout the kingdom^ 
and as partaking of (he mature of a unily of weights and inea« 
fures, it ought to be paramount to every fubordinate con- 
iideration.* 

Your much obliged obedient fervant, 

J. C. HORNBLOWEI^. 


. VII. 

Letter from Mr, A. F. Th*o]£li>en, communicating three ma* 
nufcript Tables from Hir, Bode, of Berlin, of the geocenh'W 
Places of the nevs Planets Ceres, FaUaSf and Juno, for txuelve 
Months to come. 

To Mr. NICHOLSON. 

SIR, 

The three planets, or afleroids (according to Dr. Herfchel)i Tables obtained 
lately difeovered, being fo very (mall, are not eafily found, pilccs of 
unlefs the obferver is acquainted with the place where be is the new placets* 
to look for them. This uncertainty induced fome aflronomical 
gentlemen to dehre me to inquire, if there were not any 
ephemeris of their motions publiflied abroad. I complied with 
their requeft, and Mr. Bode has very obligingly communi- 
cated to me the following written account of their refpective 
(ituations, calculated for the Obfervatory at Berlin, (that of 
Juno, according to a table of bis own calculation). If you 
think this communication may be intereding to the adrono- 
mical readers of your Philofophical Journal, 1 beg you will 
make ule of it. 

I am, Sir, 

Your mod obedient humble fervant, 

10, St, Albans Streft, Ji, F, THOELDEN. 

1:^ 1S05. 

P. S. A new edition of Mr. Bode’s fmall Celedial Atlas 
has jud been publilhed ; with a Catalogue of 5500 Stars, after 
PiazzPs obfervations. This lad work can be had feparate. 

Any gentleman who may be defirous of one or both thefe 
works,, will be fupplied in a reafonable time after fending an 
order to me.. • 

* For a very clear and rational report of a deam-engine in horie- 
fee our Journal, IX. p. 215.— W. N. 

H2 TA^L£ 
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OEOCENTKIC MOTION OP CERES. 


1805. 

A.R. 
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1806. 

A. 

R. 

Dec?. 

oa. 2, 

» 

104» 34 ;' 
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53 

23 

3 
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11 

30 

25 
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49 

23 

18 
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99 

18 

30 

53 
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no 

21 

23 

39 

Feb. 5. 

97 

56 

31 

It 

Nov. 7. 
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24 
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5 
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97 

13 

31 

22 

16. 

ni 

54 
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40 
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97 

10 

31 

26 
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49 

25 

22 
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97 

46 

31 

25 
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in 

7 

26 

12 

13. 

98 

5S 

31 

20 
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48 

27 

7 
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100 

43 

1 

31 
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59 

25 

3 
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102 

1 
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1 

30 

58 
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46 

28 

58 
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105 

32 

1 

30 
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2S 

30 

18 
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29 
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m 
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6 

29 
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42 

28 

40 






2k 
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27 

27 

56 
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TABLE II. 

GEOCENTRIC MOTION OF PALLAS. 


1803. 

A. 

R. 
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A. 

R. 

Ded. 

Aug. 3. 

59® 


3<> 

• 

*4'S. 

Jan. 3. 

68® 

34' 
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16' S, 

12. 

62 

47 

4 

22 
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67 

51 

29 

27 
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65 

34 

5 

36 
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67 

48 

27 

12 

30. 

68 

32 

7 

47 

30. 

68 

24 

24 

39 

Sep. 8. 

71 

34 

9 

53 

Feb. 8, 

69 

37 

21 

54 
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73 

38 

12 

15 

17. 

71 

26 

19 

3 

20. 

73 

39 

14 

30 

26. 

73 

43 

16 

10 
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77 

35 - 

17 

37 

Mar. 7. 

76 

33 

13 

20 

14. 

78 

40 

20 

30 

16. 

79 

44 

10 

3.5 

23. 

79 


23 

23 

25. 

83 

16 

7 

59 

Nov. 1. 

79 

8 

26 

8 

Apr. 3. 

87 

6 

3 

3 4 

10 . 

78 

26 

28 

38 

12. 

91 

11 

3 

21 

19. 

77 

11 

30 

43 
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95 

28 

1 

22 
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33 
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oa. l.j 4‘ 28" 22' 6® 21' 8. 
11. 5 2 28 6 12 

21. S 6 18 6 I 


1. 5 

10 

23 

5 

47 

11. 5 

13 

54* 

5 

33 

21. 5 

16 

44 

5 

21 

1. 5 

19 

23 

5 

8 

11. 5 

21 

34 

4 

54 

21. 5 

23 

27 

4 

38 


Jan. 1. y 26" 39' 4" 18' 8. 

11. 5 27 25 3 56 

21. 5 27 29 3 31 

Feb. 1. 5 26 45 3 0 

11. 5 25 19 2 22 

21. 5 23 20 1 44 

Mar. 1. 5 21 33 1 15 

11. 5 19 0 0 33 

21. 5 16 41 0 ION. 

Apr. 1. 5 , 14 -27 0 50 

11. 5 12 56 1 26 

21. 5 12 6 1 57 

May 1. 5 11 46 2 19 
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VIII. 

letter from Frqfiiffitr Pini, InJpeSior of Mines to ike Italian 
Republic, to J. C. Delametheiilif, on Co rindon found la 
ludtff ^ 

T % • 

HE intereft you take in pablifhing difcoveries in natural BMutiful red 

Jiiftory in your excellent Journal, induces me to communicate 
to you a rainejralogical raaity lately found on a mountain of the 
Italian republic: it is a very fine corindon, or adamantine 
fpar, of a deep ruby colour. 1 faw it for the firll time among 
tbe minerals which the learned Brochi, prolelTor of natural 
h iftory at Brefcia, had made a (hort time before in the depart- 
ment of Serio. At llie full view he confidered it as a feld- 
fpar, of which it has ail the appearance; and, in fa^i the 
corindon being a fubftance which hitherto lias only been fur- 
nilhed by countries far difiant from us, it would have been 
imprudent to have judged otheTwife at firft : but the colour of 
Hone, exactly relembling that of a red corindon which I 
brought from Paris, given to me as coming i’rorn Madras, 
led me to fuppofe that it did not differ from it, 

But as ProfefTor Brochi purpofed meeting me in a fliort 
time at Milan, to which place I was going, we poflponed the 
verification of this fufpicion. When he faw the red corindon 
from Madras, in my pofieflion, he no longer doubted the 
identity of its fpecies with that of our fample. 1 afterwards 
difeovered the fame identity in the trials to which I fubinilted 
it : the following are the refults : 

ift. The corindon of Italy fcralches the harded rock-cryfral. Examination. 
2d. It does not melt before the blow-pipc, either alone or with 
the additional borax. 3. Its texture is in laminae, which fob Laminar t-x- 
low dilferent diretlions. 4th, Its filfme is triple, and wbent“‘c* 4* Fiflurc 
irts'cutiw the three dire^lions, it offers a rhomboid, the acute®" R*e'flcSion of 
angle of which is b4 J®. 3th. Its crofs fracluro fhews the tight. 6. Sp. 
fplendor of the diamond, and reliefls the liglit, the flalbes 
which are almofl the colour of lilver, 6th. Its fpecific gravity 
is 3.87, w*hich is the mean of that of the true corindon. 

Hitherto it has been met with in a mountain of micaceous fr f>unil on a 
fchiffus, in pieces of fevcral inc^jms in lengili, which are amor- 

* From Journal dc Phyliquc, Vendemiaire, An XIII. 
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rincioii do l ot 
bili'iig to that 
fpL'cies. 


phous and opake, but fcmi-tranfparent on the thin edged^ 
ProfefTor Brochi and I purpofe nifiking new refearches therey 
which nia> lead to Tome more interefting difeovery. 

Countries where Li the mean lime it will no longer be doubted, fha|; the 
founcl”^^ corindon is a product ot' Europe. M. de Bournon, .with 
whofe memoir on corindon, inferted in the Journal des Mines, 
Yol. XIV. you are well acquaintedi has noticed the different 
countries which furnidi this fubflancc ; they are the iiland of 
Ceylon, the penlnlula of India, and in particular Madras, 
the Carnatic, and China. He concludes his intereding de- 
tails by enquiring whether this fubltance exifls in other coun- 
tries, except thofe acknowledged to be the chief, if not the 
Thefpecimens cxclulive fituations of this fpccies. This queftion arifes from 
ftoncTcahcd CO- f^veral flones found in Europe having been given as corin- 
rindoii do i ot doiis. Jn fafl, thofe colledled in Germany were found to be 
(pvc'ls fomelimcs feldfpars, and fometimes the fvhorlartigcrJ)trj/ll of 

Werner, your leucolite. That mentioned in the Mufeum 
Bnttanicum as coming from Tyrie, on the eaflern coafl of 
Scotland, was tar from having the hardnefs belonging to this 
fpecies; that from Chefnut-liill near Pinladelphia, announced 
by Mr. Smith, was difeovered by MK Richard Phillips to be 
a fragment of badly cryflalli;;c'd quartz. It only remained to 
decide on the feldfpar found by Bournon in prance, in the 
province of Forez, the defcriplion of which he fent to you in 
a letter .inferted in the Journal de Phylique for Juno 1789, 
and which he Bill confiders as a true corindon. 

This fubftance appears to be the fame as that you have 
called andaloufite, and which feme dealers in natural hiftory 
have circulated in commerce by the name of adamantine fpar, 
from the kingdom of Caliile : it has been placed by Abbd 
Hauy in the appendix, which contains thole fubftances, the 
nature of which did not appear to be fifihcientiy known to 
permit him to aflign them a place in his method. He c»Il& it 
apyrous feldfpar. Thus vye may be fatisficd tiiat hitherto 
there is no certainty of corindon having been found in Europe. 
I flatter niyfelf that now there will be no doubt on the coriu- 
don of Italy wlilch I have the honour to announce ; it is not 
even deficient in the fpecific gravity belonging to this fub- 
flance; a defeat wdiicli indi\ced ProfeUbr Hauy not to ac- 
knowledge the feldfpar of Forez to be a corindon. 

If 
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If rubies and fapphires be clafled with cormdon, as many Probability thu 
inineralogids feem difpofed to do, Europe will probably ha\'c f ” 4 ; 'thc*prLtou* 
mines of ihefe precious fiones as it already has mines of emi'* ^ems. 
raldsL fuch as tliofe of Limoges, difcovered by the learned 
Xeliwre, counfellor of the mines. But (hefe ftones^will be 
rubies,^ fapphires, and emeralds of mineralogies, but not of 
the jewellers, until they lhall be found very tranfparent. 
which 1 hope will be the fruit of new refearches, followed 
with perfeverance. • 

. HERMENEGILDE PINI. 


IX. 

p/I dfjbloftn^ the Procefs of Manufactories, In a Letter from 
Mr. John Ciennell. 

To Mr. NICHOLSON. 

My Dear Sir, Kewcaftle, Feb, 17, 1805. 

T me to intreat (he attention of forae of your nii- Intcrcllmgqucf- 
inerous correfpondents towards a queflion which nuiH cer- d^fdoiWe^of 
tainly be intereding to every raanufaflurer, but of which no manufafturing 
regular difeuffion has yet been offered— Is it proper or iin- pweeffes, 
proper to lay before the public in refpedtable periodical works, 
a full and impartial (latement of the various proceil'es of our 
manufaflories ? I fliall Rate fuch rcafons as have offered 
themfelves to me why they fliould be difplayed, but I am 
principally anxious to receive further information on a fubject 
that appears to me peculiarly inlerefting. 

The firR argumdht 1 fltali adduce is that of Mr. Boyle, as 
quAted b;)i»Dr. Johnfon in. the 20 lR number of the Rambler. 

The excellency of manufadures, and the facility of labour. Argument of 
would be much promoted, if the various expedients and con- 
trivances which lie concealed in private hands, were, by 
reciprocal communications, made generally known ; for there 
arc few operations that are not performed by one or another 
with fome peculiar advantages, ^hicb, though finglj^ of little 
importance, would, by conjunction arid concurrence, open new 
inlets to knowledge, and give new powers to diligence.^' 

The 
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confirmed by ex - The fecond It Uie very confiderable improvements that have 
pnietjct*. taken place in thofe few manufafiones which have yet been 
under the influence of chemical eisquiry ; thus realizing, bi»i 
on a very extenfive fcale^ the fuggeftions of Mr. Boyle : ^ fa» 
therefore as we are to be guided on ttie one hand by experit^nce^ 
a^id on the other by the influence of fetenlifle enquiry on 
liberal clifplay^ will the argument be in our favour. 

Accidental difeo- In the third place 1 would obfervei that as many very va>< 
r luable difcoverics are owing to accident, thofe with whom they 

happen are frequently perhaps inc/ipable of improving them 
to the extent tliey would admit of in^ the hands of men of 
fcience, and thus, by a fpirit of monopoly, preclude even 
iheniielves from the advantageous cultivation of fuch difco- 
veries, merely left others might enjoy it alfo. ‘If, again, we 
confider the rapid progrefs that has been made of late years 
in every department of ufeful and pradlical knowledge, w'e 
inuft allribtile it entirely fo thofe liberal communications that 
have been made by men w'hofq attention has been immediately 
diredecl to the promotion and improvement of every thing 
Science would valuable to the public. Again, the profits of every bufinefs 
d*^cedintowork regularity and knowledge with which it is 

ihops, fcc. " condufled ; but how is (he laft to be enjoyed without re- 
fourccs to apply to« and how much more eafily would it be 
obtained if fcience could regulate and Amplify the combina- 
tions of the manufa6lurcr ? If to accomplilli by eviery thing 
employed (and even in many cafes the refufe) in each procefj 
its utmoft poflible ufe, is a favourite principle with manufac- 
turers ; to take the moft accurate and beft adapted. means to 
C'ffi dl it, ought certainly to be as powerful with them. Is it 
not alio obvious, that, to difeard all myftery and quackery, 
aiul fairly to difclofc each procefs, is to invite the attention 
of nun of fcience and refearcli to cxte1\d any advantages 
gained by chance or otherw’ilc, and to difeover. greeter utility 
in the various lubftances employed. The origin, progrefs, 
prefent ftatc, and hints for the improveinent of the arts of 
life,” would certainly be worthy the contemplation of our firft 
chemifts, juid are fubjetls that have appeared of fuch impor- 
tance to a neighbouring nation, that many of their moft emi- 
nent men have been employed in them ; and Tome volumes 
of the Encyclopcdie Method ique are dedicated to {uch ioibnna- 
lion, with plates too, in feveral inflances difplaying even the 
moft minute work- tools employed in each. 


The- 
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The hiftory and detail of manufadtories conclu£kd in each place Some objsdioiw 
ought, I prefume, to form a principal objedl wWi the writers 
local hidories ; yet very few of thofe gentlemen are enabled to 
obtaifi fuch accounts as they can depend on, from the felhth 
' and monopolizing jealoufy of manufadlurers in gcMicr^l. To 
thefi^l^arioos advantages an objedlion may be offered, Theft 
difplay is placing objects of taxation in the hands of miniders : 
be it fo; difplay will make it eailer to colledl (he tax, will 
make it more certain, and it may be» Wjis opprrffive: if to 
thefe be added the above advantages, it may fairly be pre- 
Turned^ that difeover;!^ and confequent improvement is the 
mod advantageous track to be purfued; but, my dear Sir, I 
beg your pardon, on this fubjed I did not mean to offer my 
own opinion fo much as to lolicit information from that of 
others. 

I am truly year's, 

JOHN CLENNELL. 

How far literary purfuits are compatible with the duties of Literary purfuiti 
the commercial man, or the manufadurOr, feeins a 
fo completely decided in the affirmative, in the firfr volume ofofmerchantsand 
the Mancheder Memoirs, by Mr, Henry ; in the Iccond volume manufafturcrs« 
of the fame work, by Dr. Barnes; and in the hundredth num* 
ber of the Lounger, — that the above paper affumes the prin- 
ciple as being fully edabliffied. J. C. 


X. 

Quejlion refpc6ling the Purification of Cfjppcr. % J. P- With 
a concife Tteply. W. N. 

i^S co)))?er in its pored date (efpccially out of London) for Queftion re> 
manufaduring different articles, cannot be obtained without ‘he pu. 

a very tedious procKifs ; as it forms the principal ingredient in per, 
mirrors for rddeding telcfcopes, and likewife is much ufed 
as an alloy for gold ; if it is Impure, it never fails to render 
the gold fo alloyed brittle, and not 'to be redored to its duc- 
tility until the impure alloy be waded by fubfequent meltings, 
to the lofs and diiappointment of the workman. Required, 

therefore# 
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Rtjly. 


Dcfcription of 
the means of 
coating iron 
bars : by refer- 
ence to the 
drawing* 


therefore, a method of purifying the copper, particularly for 
the latter purpofe ? 

® ^ Your's refpedlfulJy, 

MorUy Street, 

Kewcafl^e-uponm Tyne, 


As the procefTes for refining copper in the large way aro 
grounded upon its property of refilling oxidation more than 
the other metals which are ulually combined with it, it may 
be advifeable to adopt the procefs of Pelletier* with a due 
attention to the manipulation and the proportion of manga- 
nefe to be made ufe of. The very interefiing letter of Mr. 
Thomfon in the prefent Number> will indicate the principles 
of operation. Mr. Hafehett^s excellent papers in the Phi!o» 
fophical Tranfa6lions, of which a correft abridgement is given 
in our V. and VI. Volumes, fliew the mifchievoiis conrcquences 
of impurity in the copper for alloying the precious metals ; 
and it is but too well known, that it is difficult to be pro- 
cured, or even to be made pure, upon a fcalc of exfeafiv^ 
magnitude. 

W. N. 


T. P. /’iw. 

^ Jt 


XF. 

Dvfcription of a Method of amneding Iron Bars, and ctkiiing 
than li'iih Lead, Jo as to form /'olid Pillars for LighUhouJes 
on Bot/ts covered at JJigh-xvatcr, aud to defend than from 
Corrofio/t, By Copt, Joseph IdviODiv,, tf the Royal Nuvyf 

Fig. 1 , Plate V* A (liews four rods of call iron, compof^d 
of a number of pieces fwo feet long, ripctled togetjier, ijoi a 
manner explained by the plate, fo as to produce the effed of 
one bar of the thicknefs of the whole. tube of call iron, 

formed from a number of feparate pieces, each about ten 
inches long, and which, when placed round the iron rods 
above-mentioned, and then ferewed together, form a mould, 
inlo which the melted lead is^ Ip be poured, to coat the irop 

^ Communicated to the Society of Arts (Memoirs, mdccciv. 
who voted him the gold medal. 
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fods. C* A portion of the rods covered with the melted load, 
fo as to form a cylindrical pillar apparently ai£ Icad^ the iron 
being perfedlly coated therewith. ^ 

Fig. 2. D Aicws the manner in which the hollow cylinder is 
' formd to any length required, by the junction of a nqpiber of 
femi^linders rivetled together and fitting each other. 
the fide flanges ferewed clofe together. F, the end flanges 
alfo ferewed together, as prepared for the melted lead. 

After a certain portioi^of the iron rods are coaled with lead, 
the lower parts of the tube are taken off and placed higher up; 
by which repeated changes, a few tubes will anfwer the pur- 
pofe to coat any lengtri of the iron rods. 



Hcply to Mr. Accum’s lafi Letter on the Produ&ion of Nitrous 
Add. By W. F. S * 

To Mr. NICHOLSON. 

SIR, 

I THINK Mr, Accum by no means throws off the charge Remarks on 

of cenfure with which he is accufed, upon fo material a part Accum’s 

r . II TT 11*1 / letter, 

of the modern theory. He ought to have been more explicit, 

and in fo nice and fo difputed an experiment, to have given 

us a minute detail. 

I have performed the experiment which he fpeaks of, but Unfuccefsful at* 
I could deled no nitrous acid after the procefs. The air gra- Jf*”***^^ to repeat 
dually diminimes by the elcdric Ipark, but this diminution is of forming iu> 
owing to the oxigen gas producing a calcination of the metals 
employed, for the pureft oxigen gas anfwers better than when 
mixed with*nitrogc?h. Therefore I hope, if Mr. Accum pof- 
fefles a more accurate experiment, ^e will give it through 
your Journal : certainly the prefent ftate of modern chemiflry 
requires a very mirmte invefiigation. I hope, Mr. Nichollon, 
you will not refufe inferting this in your Journal. 

London^ May 2. 

* See our Vol. X. p. 109 and 211. 
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^ xin. 

Experiments onihe EleBticity nf MetaUic Filings fifted through 
Mital ; jifh Ucmarks in anfwer to a Letter of Mr* CuttlerU 
^fon, ^ By Mr, Wm. Wilson. (From the Author J 


To Mr. NICHOLSON. 


SIR. 


Jn 


An cjrorpomtea -^N the laft number of your Phllofopblcal Journal, I find a 

’hut by Mr. fetter from Mr. Culhberlfon, containiiu: Tome remarks on my 
Cuthbertfun ad- . , . ^ . .. .. .... . 

aiitccd. letter on the eleftncity of metah, in which he notices an error 

in the table of refults of experiments, that had efcaped m/ 
notice till 1 read his letter. In that table I have by niiHake 
put P again fl copper filings lifted through zinc inflead of N. 

Copper filings when filled through zinc are eleflrified 
ftrongly with negative eleflricity. 

Mr. C.’s otjee- Mr. C. in his other remarks docs not feem to admit that the 
dulftwVof clTc- metals from contadt is the caufe of the eledtrical 

tricity by mrre fluid being excited and not touching, becaufe both touching 
rnetah'^confi foparaling are employed. In the way the experiments 

dered. were made touching takes place two ways, viz, the filings 

Tm the contadl with the metal plate they are fifted into, and 

fieve, artfepara* contadl with the fieve before they are fifted through 

fydf and touch h . hn( J cannot conceive how either of thefe conladts could 
caufe the excitation of the eledtricity in the experiments. If 
the contact ‘of the filings with ’the plate , they were fifted into 
was the caufe, we (hould have had the fame efFedt with the 
fame filings, whatever metal the fieve was made of they were 
fifted through ; becaufe as they were always fifted into the 
fame plate, the fame metal filings always came i^' ponladl with 
the fame rr.etal plate, and confequently wc fliould have had 
the fame efibdls in all cafes with the fame filings; whereas hut 
of the ten forts of filings that were ufed, there was only one 
infii^ahon^ (Heed) that produced the fame efledl with\be different fieves; 

and if the contadl of the filings with the fieve excited any elec* 
trie fluid, it would be diflipaled as fall as excited^ becaufe 
neither the fieve nor the filings were infulalcd ; confequently 
it could have no cffcdl on the refults of the experiments.— 
Therefore fince neither of thefe conladls excited the fluid, it 
mu ft have been excited by the reparation. 


the receiving 
metal. 

As the cl. 
varies with the 
fieve it does not 
depend on the 
iuftcr aniaSl’t 


•"•and in the 


^confequently 
it depends on 
the JefarutUn* 


^ T think 
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I ihmk the following experiments will ^ut this beyond a 
doubt: 1. I fattened a piece of card into a tticlkor giafs, and An infulated 
then rubbed it over with llrong gum water anclc\rered it with 
filingi of zinc; fo that wlien it was dry, it had a furface offi^ngs was ufej 
iilingy of zinc. From a heap of the fame filings up 

much Vs I could on this little fliovel without touching *t' wItR bp-ghj 
any thing elfe, and let them fall very flowly upon a piece of* copper, 
bright Iheet copper fattened in an inclined pofition upon the 
cap of an eleftrometer, ^nd formed into a receptacle at its 
lower part to contain lh» filings. In this operation almofi The copperplate 
every particle of filings necefiarily came in coiHitdl with the 
face of the copper. After letting fall upon the copper about 
an ounce and a half of filings there was not the lead fenfible 
efiTe^ on the eledlrometer. 2. I then took a piece of the fame A copper fieve 
iheet copper, which was pierced fiill of final! holes, and 
through it the fame filings 1 had ufed in the above experiment, fhovef. 
upon the fame copper on the ele^rometer, and the gold leaves The copperplate 
diverged with pofitive electricity and dilcliarged thcmfelves 
againfi the flips of tin foil on the infide of the glafs ten times 
before the whole of the ounce and half of filings w'erc fiflcd 
into it. 

Now, (ince the feparating the two metals, from contact in Separarion 
thefecond of the above experiments is the only difference 
tween them, and as the cledric fluid was excited only in the city. 
iecOnd, 1 think we tnciy fafely conclude that that reparation was 
the caufe of the excitation, and not touching. 

I am very much inclined to believe that the excitation that Elcdtrlccxcita- 

takes place in friction is caufed by the fame circum fiance, and probably 
. . , .. . . ... a fad ot 

that the friction does nothing more towards the excitation than kind. 

bring the different parts of the fubfiance that are rubbed to- 
gether feparate them from it. 

1 am your obecKeni humble fervanf, 

WILLIAM WILSON. 



112 


Oif LINES IN A CIRCLE. 


£xplanatory 
remarks on Mr* 
Bofwell's letter. 



XIV. 


to Mr. Bofiaell. By An Old Corr£SFONdent« 

■ " To Mr. NICHOLSON. / 

" SIR, / 

"W^HENI began to read your correfpondenti Mr. Bofwell^a 
anfwer to my obfervations on hi«j geometrical propofitions, and 
found rnyfelf acoufed of having " tltfown fome very undeferved 
rededtions'^ on hk communication^ I^could not help feeling 
a degree of apprebenfion led 1 fhould inadvertently have made 
fome midake or other^ for which I mud have been obliged to 
apologize to him and to the public; but on perufing the letter 
through, I wa« not a little furprifed to have found but one re- 
ficclion pointed out« and that applying not to the matter but 
manner of my obfervations ; it feems I have accufed him of 
being too confident in one of his adertions ; a literary crime, of 
which he exculpates hirofelf by proving from a quotation, cer- 
tainly very much to the porpofe if we make nodidindlion be- 
tween doubt and diffidence, that he is, on the contrary, a very 
diffident writer, which quotation, to be hire, contraded with 
an expredion that fell from roy pen, might beconclufive, if the 
two padages Yfere applicable to the Jtme thing; but unfortu- 
nately it turns out, on clofer examination, that the accufation 
applies exdufiveljf to Mr. B's fecond propodtioni and his ex- 
culpatory quotation exclufivel^ to \mjirft. 

Had I committed myfelf to far as to fay that he announced 
his hrd propodtion with confidence, I mud have dood clearly 
convi^ed of having done him injuflice ; but as it was his fe- 
cond propofilioni or, in other words, his other geometry* 
to which my obje^lioqpble ’ obfervations Jblely applied, he 
ought to have quoted what he has faid about it, and about it 
only, as evidence againd me; he has, however, directed his 
arrow at a wrong mark, on which account I claim the reader's 
indulgence to repeat the padage alluded to, which is the onijif 
padage in Mr. B's paper that relates to his fecond propodtion : 
•' The difeovery of a fa6l in geometry often leads to another; 
one of this kind / have hereto add, which is, that a right line 
(B E) drawn from the extremity B of (he line I B, at right 
angles through the oppodte diameter (I F) to the circumfer- 

» ence. 
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ence, it/// be equal lo a fourth of the cifcnStference/' In (his Explanatory 
annunciation, which is an appendage to the It^n fubjed or firft Bo^wcuVkttw! 
^ropofitioiiy and evidently not included in thc\refhtory b|) 0 * 
logy, 1 fee nothing like a fufplcton of inaccurAw eKprefled, 
or fainted at, and confequently can trace no mlbl^of 
denccij^ovr that 1 come to examine it again ; on the contraryi 
1 repeat, that a fad is coniidently alTcrted to exiti, which has 
been proved not ta be a both by myi’elf and by Mr* 

Gougli, to whofe tcfiimony probably the reader will pay fome 
deference, particularly as (fa is gentleman has ingeidoufly ihown 
that another line tn the circle potTetTes the tdenMcal property 
erroneoudy attributed to Uic line B £, and that previoufly to 
Mr. B.’s complaint being made public: to the reader, there- 
fore, the fallenefs or juftice of my obfervation or refledion” 
mud be referred; and it will anfwer the purpofe of both Mr. 

B. and mylelf, if lie will let the affair drop here ; for he will 
then (land a good chance of being reputed what is his-princi^ 
pal aim, a diffident ivriUr, and 1 (hall n^afe to be, what foinc 
of your readers, befidcs Mr. B. may podibly be difpofed to 
think me, a caiilkr, 

1 am. Sir, once more. 

An old correspondent. 

iV/lay !7, 180J. 

P. S, The mathematical portion of your readers need not 
be informed, that the forgeffulnefs imputed to me, refpeding 
ihe alTumed approximatnm fiibflilated for the exa^ ratio of llie 
• liameler to the circumference of a circle, is a charge applying 
with equal propriety to every mathematician who has deduced 
calculations depending on the - area of a circle: even Mr 
Gough, wliofc mathematical (kill is jollly the admiration <;f 
thoufands, \yl'/f»m h|^ has tiever feen, and is doomed never 
fee, has fomehow been obliged to he {i;uilty of (he fame wan: 
of recoUc^ioii, though his calculations may be confidered a ; 
therefult of dmonffratke truths 

It remains now for Mr. Bofwel! to fhow the fcleniific worht, 
by an ex^implc or two, how he applies his difeuvery to prac- 
tical me::^u remen t-:, which i( is prefumed, will prove a corn- 
niiinicsi^ioii of general intereft. 


VoL. XI* — fCNff, 180.L 
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Defcription of an accurate Method of banking the Balance <if 
a Twicj-Keper. By William Hardy. 

.from his Litter to Chas. Taylor, E/q. Sec. to the Sif/tcly 
of Arts.^ 


Iinporunce of A HIS letter is accompanied with ^ drawing, a defcription, 
theftoporbank.. a model,’ of a more perfedl mode of hanking the balance 
prevent extreme OF a time-keeper, than any that has yet appeared ; and its ap- 
vjbrations in pHcation toa time-keeper is a matter of iuch real importance, 
ime pieces, t|,e moft accurate, without this moft necetlary appendage, 

is liable to fuch derangement, that from the moll trivial caufc 
it is in one moment rend<ered ulelelk. 

The author's in- To preferve the good qualities of the time-keeper, on 
which often the drength, the wealth, the grandeur, and fafety 
lijlh ^ great empir^ depend, I deem it necelfary that my in- 

vention Ihould be laid before the Society of Arts, as the means 
of its being more generally known ; and 1 hope that I thew 
proper refpedt to the Society, when I atfure you that I do not 
oft'er any crude idea, neitlier could I think of giving )OU any 
trouble, until 1 Irad fully verified the utility of my contrivance 
4nd ceftitnony, by feveral years trial. As I can produce llie tettimony of 
fome of the moft eminent watchmakers in favour of my inven- 
tion, I look forward with fome degree of confidence, in cx- 
pc6lajtion of obtaining the approbation of the Society. 

The banking k It was at fii ll imagined, that a banking to a watch with a 
required in cfcapemeiit WHS quite unnccellary. as the limits of bank- 

watches whnh , ' 1 • I n • 1 

have a vibi.itim "^g were fo great as to admit or alrnoft twice or 720 de- 
thioimh viiy git-cs ; but, on trial, thp balance was frequently found to ex- 

jrcs. ^ quantity, and that a very flight motion 'given to the 

time-keeper (particularly when the axis of the balance be- 
came the axis of that motion), ivas fafficlent to alter the 
llrength and figure of (he penduluin-fpring, and pofition of 
the pieces in refpc6t of the balance-wheel, to as to change the 
rate of the time-keeper; and, what was worfe, reej^uire a 

« 

♦ In their Memoirs for 1801. A picmium of 30*^ guineas was 
aw'ardccl for this invcutii.'U. 


The banking i; 
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adjufiment of i!ic balance, to acccftiHiIgdate itfelf to the 
changes made in the fpring, and other part?^onne6ted with 
it. Hence it became neceflary, that Tome me^Qs fhould be 
ufed to flop the balance at certain limits beyon\ its natural 
■ar(^^)f Vibration ; and various attempts have bed* /i^iade (o 
eircc^t One wav is, by a moveable piece on the axis of methods 
the balance, vi'hich banks againft a pin, yet fo as to fiiffer^ banking, 
the balance to vibrate more than *S60 degrees. Another me- . 
thod is to have a piece moveable on a centre in one of the 
arms of the balance, and applying itfelf as a tangent to the 
peiKluhim-fpniig, whidi patfes through a hole, in the piece. 

It has alio a knee, which almoft touches the plate, and juft 
pall'cs free of a pin placed in it. But when the balance vn 
braies fo as to approach its utmoft limits, the a^ion of the 
tpring, v\hi!c in a ftate of unwinding, throws the piece out- 
ward, fo as to fall in the way of the pin, and ftop the balance 
from proceeding farther. Another mode is by a ftraigbt fpring, 
fere wed upon the plate, having a hook at the end of it, into 
winch a pin placed in the balance ftnkes, when, as before, 

(ite pendulumdpriug, in unwinding, touches the ftraight 

fpring. and moves it a little outwards. There is alfo a way 

of banking by means of a bolt, ‘which is throw'n back by the 

penduliim-fpring, and made to fall in the way of a pin placed 

/j' the rim of the balance. Thefe are the principal modes of They arc ob- 

baiikii^g now in ufe, and they do not differ materially from 

uue another in principle. But the weight and fri^ion of fo tion. 

many picc:es, on fo delicate an organ as that of a pendulum- 

fpring, are perhaps nearly as hurtful to the time-keeper as the 

iiijiny it may lullain when it is left without any banking 

whatever. 

In Figures 1 ^nd 2, Plate VI. the fame letters are placed, Defeription, 
to lignify the*fame tRings.- A A is ih\ balance to which the retojence 

./’rt i.t i T T ri to the engraving, 

pendulum-ipring is taftened in the ulual way. In one of the 
crotfes of the balance ifr placed a pin P, which Hands a little 
way above its furfacc ; and when the balance is caufed to 
vibrate a complcie.circle, the pin in its motion will deferibe 
the dotted circle POQ, and jull pafs clear of the infide of 
a projei^ion formed on a cock B, which is faflened on the 
plate by*means of a ferew'. At aimut one-fourth of a turn of 
the penduluiu-fpring, reckoned from rls ftud E, is p'aced a 
very delicate tapering piece of ftecl S, having a finall hole in 

I 2 it. 
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tXefcriptrofl, H, IhroQgh wbic|^ tfne pendulum^fpring palTes ; and It h faf^ 
Z’the^riUMe. Means of* a pin, and Hands perpendicular to 

the curve af the fpring. Let the balance be at reft, as re - 
prcfented ^ Tig. i, the banking-pin al P, and the banking- 
piece Sappofe the balance is made to vibrate fifdin P* 

CoM'ards O, when P arrives at the banking*piece SyH will 
pais it without toudiing* becaufe its extremity s lies wholly 
within ilie circle traced out by the banking^in. But when 
the banking^pin P has arrived at the banking-piece s will 
have advancsed to tg by the pencbilum-fpring winding itielf 
up into theifij|(are raprefented by the doited curve; and when 
the banking-pin P (now at Q,) returns back to P, and pafles 
on fiom P towards Q, to approach B, and (o complete the 
other ha]f*arcb it# vibration, before P can arrive at the 
baiiktng-coek B» the pendulum- fpnng will have unwound 
ilfelf into the figure deferibed by (he doited curve, and the 
banking-piece ^ will itave advanced into the pohtion at ; 
|uH touching liie banking-cock. Its extremity r, however, 
being thrown beyond the dcitted circle, mud neceOarily fall 
in the way of the lunking-pio, which arrives there alinoft ut 
liie fdine moment, and is oppufed by it, without the llighkd 
jhock to die pcndulum-fpring. The model* renclcis any 
tdriliei explanation umicceflary. 

WILUAM HARIA. 

A'd. 61 , Chapd^fidt^ near lVhite<^CondiUt^Houfi, 

Jaiu 18, J804« 


XVI. 

Definption oj a new ApfmraimfoT meting the ^f^arm Oxide oj 
Carbmu (^ut^^nj/cnUed Mi\ yx u x. t 

The progrefs of 1 t is generally admitted, that cheiniflry is Indebted to (he 
invention of various Kinds of apparatus^ ^and the perMion to 
proved appara- whicb they have been biou|lit, lor much of the progrefs it lias 
tus. made within thefe lafl thirty 

Inftance m that For inftance, beloj'^ \\ oulic made known his apparatus for 
ot Woutfe. obtaining the acrifoim HuuK evoKed fiom various fulifunces, 

• 

* Which IF pi pfci red in the collc61ion of the Society. 
f AiinaUs de Chim* , Vol. LIU. p. 70 . 


either 
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A 


either when expofed to the action or when brought 

info cohtaft with matters capable of coml^ng with them, V 

^the operator was obliged lo employ bulky veCiids, difficult to Inconvenience 
'iQ^age, and inconvenient, that he did not vl^fli to applv °****®^'‘*“ 
th^ih ; and when he did, it was impoffible for hiiri'Xo cblleit 
the b^iform fluids with any accuracy; for when they weTe 
rarefied to a confiderable degree, they efcaped through aper- 
tures left purpo^ly to prefer ve the veflels from bni^ftfng. 

Thefe inconveniences are now removed by Woulfo^s appa- Contrafted ad. 
ralus, fo that the operations in which gal^ are evolved may of ck« 

eafily be performed in. veflels of fmaft built ; tWgafes may be menrof*vefl!B5!’ 
fubjefled to calculation; their quantity as well as quality 
afeertained with the utmoii precifion ; and op'erations, which 
were formerly confidered as very hazardous to the operator, 
may now be continued for hours together willtOat the leaf! 
fear of injury. 

With thefe advantages many others are conneded ; and it 
is known to every one, that they are owing to the degree of 
perfeflion to which chemifls have brought Woulfe’s appa- 
ratus, and particularly to (heir happy application of it on 
various occaflons. 


Yet, notwithftanding thefe difeoveries have been carried a Improvempntj 
great way, it is more than probable that many remain to be 
made r too much praife therefore cannot be befiowed on thofe 
w'bo turn their attention to this impoHant iot>iedt, iince the 
apparatufes they invent are fo many new mtfoni$ afforded che- 
niifls of colleding an infinite number of products which fre- 
quently efcape theito# and the knowledge of which may have 
great miluence on the improvement ofchmnical fcience. 

From thefe motives I hsive tlwught it may be of ufe to make Invention of Mr. 
known an appiratus juM invented by Mr. Baruel, operator 
to the chemical le^ures of the Medi<^ School at Paris, 

This young cbemift. had ^fteo noticed the difficulties for dccompafmg 
and even dangers incurred whendt is neceflary to decompofe ^ 
gafes, or to combine ihom witli difierent fubftances, attempted othe*iTub^^ncci. 
to make fome alteracibh in the pfocefles commonly employed 
in the laboratory for operations of this fori ; and after feveral 
(rials he invented an apparatus, which fucceeded beyond his 
hopes. • 

1 have fecn this apparatus employed with the greatefl fuc- Gafjfbrm otide 
cefs for the fabrication of the gafiforra oxide of carbon. This for- 

” mcrly procured 

wiffi difficuUys 
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Defcriplion of 
the apparatus, 
anH nriPthod of 
pr(icuring gafi- 
foi'iii oxidi of 


isnowcafily gas, which fornyI?y^as to be procureJ only with difficulty 
and in (mall e^ntily, may now he obtained cafily, readily, 
and without^uch expenfe, which affords the advantage 
fubje£ling i/io many more experiments than has hitherto h^n 
done. 

Orher ufcRofthe'’ The apparatus in quefiion may be of ttfe likewife^for the 
preparation of fulphurated hydrogen gas, carbonated liydrogen 
gas, and, pbofphorated hydrogen gas; it roay Ukewife be em- 
ployed for faturating^a gas with any fubftslnce whatever, par- 
ticularly when a high ieinperalur<t is j'ec|uirile for this iatU- 
rution. ' 

The better to make known the apparatus of Mr. Baruel, 

I will give^the defeription of it communicated to me by the 
author, and add a ikeich of it, which will give a more com- 
plete ide^ of, all its parts. jP/u^e VIJl, 

Defeription of Suppofc it IS required to make gaiiform oxide of carbon: 
the appsir^tus, fQj^e charcoal is to be taken very dry and carefully chofen, 
p" icuniig^fi- broken into froall pieces, and introduced into the three gun- 
oxidi of barrels, B, C, D. The charcoal is to be prellcd lightly toge- 
fjrbofi. occupy only the part of each 

barrel that is to be heated, but it mufi not be rammed hard. 
The tliree gun-barrels aret then to be placed horizontally fide 
by fide in a ri^verberatory furnace, A, leaving about two 
inches difianci^';^tween themi fecured in their places 'with 
moiftened bf^J;,ve 5 irib, and covered witb^ the dome of the 
furnace; 

This done, fix in the mouth of the barrel B the glafs tube 
which is carried fo as to admit its utber extremity to be 
inferted into the neck of the bottle F ; the neck of this bottle 
being large cnouglftO^ hold like wife the pipe of, the curved 
funnel G. Into the Oppt^te end of the bar^^l^B one of the 
ends of the curved iti4o be ihtro^Qeed» the other end 

of the lube being mferted into (he opening of the barrel I), 
fo form a commiinioiiion faet^vet^n B and D. A fimilar 
tube to (he other, extremity; ipif. D and the a^acent 

end of C, YS^^ng a communication b^vireen thefe two bar-* 
rels. Laftly, From the oppofite extremity of the barrel C 
ilTues the tube K, w'hich is bent at right aj[|||[y||. fo that its 
fecond curvature pafles under the receiver tbo 

fiiclf of the prteumatic tub with water L. 
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Every thing being thus nrranged, of lime diluted Defcription of 

with a fmall quantity of water is toT)e poufM inta the bottle roSS5d*of 
ami after all the joints of the tubes have L sen luted with procuring gafi* 
^jeal care, a #ife is to be kindled in the furn^e. As foon 
as^fhis fire is fufhcrently flrong to make the g\in-L;>rrels red- 
hot, (julphurtc acid is'^ to be poured into the funnel G, aiici, 
when it comes into contact with the carbonate of lime in the 
bottle F, it' will expel a large quantity of carbonic acid. 

This acid prefentfy palfes through the tube E into the barrel 
B, is conveyed from B k) D through the tube H, from D to 
C through the tube 1. and thence ilfuin^by the^lube K, comes 
out beneath the receiver M, placed on the (beffof the pneu- 
matic tub. 

The objo6l propofed by Mr, Baruek in this arfangement of ' 
his apparatus, was to oblige the carbonic add gas evolved 
from the carbonate of lime, to traverle the charcoal con- 
tained in (he three gun-barrels, and thus iaturate itfelf with 
ail the carbon it could lake up." 

In fa61 it is ealy to conceive, that this method mufl be Tliis mpthoJ 
more certain and expeditious than that formerly emplo\ed, 
when the operator was ratisned with painng the gas through the old j 
a fingle barrel. It is (rue'lt was coi)e6ied, and fubjedled to a 
fecond operation, or even to a third ; but this mode was te- 
dious, and much of the ga® was always loft, . In this new for nothing is 
method on the contrary mHbtng is loft, J^odu^ is 

rat^llllIpWice, which polIeHes alt the propeWies (hat charadler- at once* 
i(e the gafribrm oxide of carbon, and which may be ufed uii- 
fparingly, finceit is always obtainable in;hrge quantity. 


XVII. 


Bejlriplum of an improved MiU for lemgatmg Painters Colours, 

By Mr. ff Derby,* 

TTHEbitherlo Vj|ry unmechjiiiical, inconvi^'lSlifi, and highly r#red£ Inconvc- 
injurious method of grinding poifonous and noxious colours, 

Jed me ftrfttoimagine a belter raiglu eafily be contrived for fcdis of grinfling 
that mufl be obvious to every peri'on, (hat the on th^ , 

From the Memoirs of the Society of Arts for 1801, who 
awarded hiiiwthe lilver medal. 


method 




method hitherto grinciit^ colours on an {uGHrizontul 

marble ilabu iinal ft pebble mu tler» requires the ^Mnly oji 

the perfon whq4<^ind& to bend over that flab, add conlequently 
bi^ head • caufes him conflanlly to inhai^ the noxiou? 

and p^fop'^iir volatHe parts of the painty which is not uirfre- 
qisently j|;roand with oil faturated with htharge.of lead; and 
if we may judge from the very unhealthy apf^arance of thefe 
inen» accuAomed to much ccdour-grinding, it fliould feem the 
bad eAedls of this employment require a fpeedy remedy. 
Machine by The machine^ of which 1 now fend the Society a model, 
is^mucb'bcttcr^ ^ adftajtj^age of being an effectual remedy of 

performed, and lhii? exlenAve Bfid fevere evil to recommend it, but it grinds 
without incon- colour much cafier, much finer, and much quicker, than 
any method hitherto adqpted. /Having occation for a con- 
Aderabfe ^uasi^y of coloarrgrifiding in (he profedion in wliicb 
I am engaged^ and that in the fineA fiate poliible, and having 
made ufe of this machine for feveral years, and being more 
atid more convinced of its utility, I thouglit it my duty to 
prefent it to the Society of Arts, hoping that it might not be 
altogether unworthy of their allention. The roller oF the ma- 
chine that 1 life js fixtecn inches and a half in diameter, and 
four Inches and a half in breadth. The concave inuller tba| 
it works againA covers one-third of that roller : it is there** 
fore evident, tltii| with tins maebiue I . have fevenly-tw6 
fquare inches concave marble mqlier in conAani work 

;t works with 00 the paitU^ im that 1 can bring the paint much oftener 
five times the v^jnder thi§ mullfer in a given fpace of lime, than I could by 
the ufual method. Ni^i < the pebble muller, which is feldom 
more than four ineit^s in diainelerj, and confequenily has 
fcarcely fixtecn fquin^ ilKdies at work on the paint, when 
my concave mullef has feventy-two. | do not mean to fay 
that a roller, the pf^thnt wbitrii I novv^ufe, is*^ the 4arge& 
which might be employed ; for truly 4 believe that i;. roller 
two feet in diameter, with a cont^ve muHer in proportion^ 
would nqt be hard work for a man ; and then the adysuifsigo 
to the public w'ould be Aill fardicr increafe||i»* 
and is applicabtc This machine will be found equally ufeful for the colours 

as wcirarthotb^^*^^^*^ water, as for thofe ground in oils; and, I doubt not 
in oil. but the great importance of this iitnple machine w’illJbe very 

foon generally experienced in all manufa61ories wliWo cpiours 
^ iif'ed. The labour nccetfary with this machine, in grind- 

. ing 



Uti, RAWLIlfSOJi'S COlOVJ§ MILL. 


121 


’/ig colaoTi exceedingly fine, It ufelefe io 

cuter Hito ai^^.ni^inute delbriplion in /lis plat:'% a bare in- 
of the machine mUit (aiiicicnfly explain ilfoJF. 

To the coloiirfnan it would evidently be an efflyuial faring 
of'lajbourj and coufequenily ot expenfe, which vvi!’ probably 
have fome weight as a recommendation ; and the advantages 
to the colour-grioder have Ix'en already Aated. 

P/ote r, Pig* 3. A is a roller or cylinder made of any kind Dtfcr'n^tion, hy 
of marble; black marble is eHeepied the befl, becaufe it is 
the harden, and takt*s the^bed poUfiv* B is<a concave roiiller 
covering oue-tbird of the roller, of the fiime ktiKi of marble, 
and fixed in a wooden frame h, whidi is bui^ to the Frame 
E at i L C is a firong piece of iron, about an inch broad, 
to keep the mu Her Heady, and is fis^d totbeifame with a 
joint at / The fniall binding-ferew, w»ith the fiy^nut, that 
pailes through the ccMitre of tim iron*pIate at C, is for the 
purpofe of laying more preffure on the muller, if required, 
as well as to keep it Heady. D is a taker-off, made ol a 
clock-fpring about half ati inch broad, and fixed in the manner 
of a frame-faw in an iron frame in an incliimd pofition to 
the roller, and turning on pivots at d d, G is a Hide-board to 
draw out occafionally, to clean, &c, if arty particles of paint 
iliQuld fall from the roller, and which alfo forms itfelf for the 
plate H, fo catch the colour <m as H falls the taker-off. 

F is a drawer, for the purpofe of oontainli|g.^r^^ (leavings, 
which at;e the bed things for cleaning pai^l6ills.<*»-£ is the 
frame. ' j 

Previous to the colour being applied tO' ijbe mill, 1 Hiouicl Paivcri/itiimj 
recommend it to be finely pulverized in a mortar, covered in enudmp, 

• . . . / 1 . ’ 1 . » ' r 1 prcvioiv. to 

the manner ot the ehemms when theylavi|^ate poilonousiirug^ *. giuon. 

This procefs ofjLby-^rindicyi; w equally neeei&ry for the marbU: 

Hab now iii^ufe; after which ^ HuHi||lVbe mixed with oil or 

• ■ y / 

• Or rather in an improved mijl, ufed at Mancheftcr by M;. 

Charles Taylor, for grinding iridigo in a dry Hate, of which T 
hff^e annexed a drawing, and refewree, to lender the whole huw- 
nefs of colour-grinditijg; complete. — Note of the Author, 

This is the fame apparatus as was ufed under the name of a phi 
hfifhiml milif in the laboratoiy at Gottorp, about the beginning of 
the mC century. See the memoir t)F Dr. Joel Langelot, with an 
engravtngf ifi l^owthorp's Abiidgmcnt of the Phiiofophical Trani- 

aftions^ Jlf. 3118.— W. N. 


wal< f. 
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^ncnefs of 
((rinding. 


This .mill is not 
a Cl ude project) 
blit has been 
ufed fevcral 
years. 


wafer, and withyffpa^da *^paIIe(-.-knire pufon the roller, near 
to the top of the conca<se muller, ^nd the rollet’ lurned rounds 
which takes ihe colour under the muller' without diffituh , 
and very turns of the roller fpread it equaUy over its (urfa*" v-. 
When ‘rt^perceived fufficiently fine for the purpofe required, 
‘it is very eafily taken off by means of the taker-off deicribed, 
which muft be held againfl the roller, and the roller turned the 
reverfe way, which cleans it very quick and very completely ; 
and the muller will only require to bt? cleaned when )Ou defift 
or change the colour. It is then* turned back, being hung 
on pivots to the frame at i i, and rleivned with a pallet-knife 
or fpalula very conveniently. Afterwards, a handful of cur- 
riers fhavtngs held on the roller, w'ith two or three revolutions 
cleans U e0^ually ; and there is Icfs wade with this machine 
than marble flab. 

As to the quantity ground at once on this mill, it mud be 
regulated by the date of dnenefs to which it is required to be 
ground. If it is wanted to be very fine, a fmallcr* quantity 
nuid be put on the roller at a time; and as to time requifite 
for grinding a given quantity of colour, this will alfo depend 
on the dale of finenefs to which it is ground. I have obferved 
that my colour-grinder ha^ground the quantity of colour which 
ufed to ferve him per day, with this machine, in three hours, 
and, as he faid; ' with eafe. The colour alfo was much more 
to my (atisfadieii than in the former way, and attended with 
lefs wade. 

I have mentioned the pulverizing the colours in a covered 
mortar, which #oidjd prevent wade, and prevent the dud and 
fined parts of noxious colours from' being injurious to the 
giinder. In fome maii«i&£tories, where large quantities of 
colours, jireparcd from lead, copper, and arfemc, are ufed, 
this precaution is |>articularly i>ecelTary. 1 do not mean to fay 
tliat my machine H intended to fuperfede the paint^nrrU rTow 
in ufe for coarfe common colours. It is intended for noTuch 
purpofe ; but to foperfede the ufe of thd very awkward and 
unmechanical marble flab now in ufe, and mi which all the co- 
lours for china manufaclories', coach-painters, japanners, and 
colour-manufaflurers i’or artifts, Src. &c. are now^ground. 

Several of the colour-maaufa6liirers have expreded to me 
their great want of Inch a machine ; and that I bad no defirc 
of troubling the public with a machine that would notanfwer. 
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is evidjent^ from m}’ liaviog ufed^ ^efai years before I prc^ 
fumed to rif^^ic^aiend it to their ayention. Being therefore 
\now completely convinced of its utility, and hoping that it 
knight relieve a noinber of my fellow-creatur^^yfroiii a dan- 
gpioiis employment^ 1 have ventured to commit it lo the pro- 
It-cfion of the Society of Arts ; hopingi through their mea^s, 
to lee its ultimate fuccefs. > And, farther to give the Society 
the moG complete alfurance in my power, 1 have annexed the 
opinion of a very ingenious and mechanical friend of mine 
who has frequently fecn k work. If any other quedions ihould 
occur to the Committee, that may be in my power to explain, 

I lhall gladly do fo. 

1 am. Sir, 

Your moft obedient fervant 

' JAMES RAWi-INSON. 

])erhy, Feb. 5, ISOt. 

Cluirles 7'aylor, Efq. 

P. S. WhcMi the colour is ground, I recommend the follow- Inftruaions for 
ing mode of tying it up in bladders, in preference to the nfual 
method. Inftead of drawing the neck of the bladder clofe, in jour, 
the act of tying it, infert a (lender cylindrical iHck, and bind 
the bladder cJofe around it. This, when dry, will form a 
tube or pipe, through which, when the iJfck is withdrawn# 
the colour may be fquee^ed as wanted/;"ddd the neck again 
clofed by replacing the (lick. This is not 'only si neater and 
much more cleanly mode than the ufual one of perforating the 
bladder; and topping the hole with niil, or more com* 
iiionty leaving it open, to the prejudice of the colour ; but 
the bladder, being uninjured, m^y be ufed repeatedly for 
freili quahjititfs of^cotour. 

N. B. The barrel of a quill may be tied, in place of the 
tfick, into the neck of the bladder, with ' its . clofed end out. 
wards* which will keep the colour fecure in travelling, and 
when nfed, the eAd of the quill being cut off, it may after- 
wards be clofed by a flick. 

certificate from Mr. Thomas Swanwlck, of Derby, and 
^ alfo from Mr. John Middleton, «f St. Martin's Lane, confirming 
thp above ftatement, accompanied thefe paj.tr^. 


Bifiraicc 
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Ite/ercnce to the ihipro^, for grinding or other 

^dty Cohurt, / 

Dcfcription of Plate V . 4*. L reprefents a mortar made of marble 

gmiding***^ llone ; one made in the common way will anfwer. ^ M, 

K muller or grinder, nearly in the form of a pear, ,in the 
upper part of which an iron axh: is firmly fixed, %vhicli axis. 


Dcfcription of 


at the parts N N, turns in grooves or flits, cut in two pieces 
of oak projecting horizontally from a Wall, and when the axis 
IS at work, are (ecured in the grooves by iron pins, O O. 
P, the handle, whi^h forms a part of the axis, and by which 
the grinder is worked. Q, the wall in which the oak pieces 
jN NT are Axed* K, a weight which may occafionally be 
added, if more power is wanted. 


fiiews the muller or grinder, with its axis feparafe 
from the other maclunery ; its bottom flmuld be made to fit 
tlie mortar. S is a groove cut through llie ftonc. 

On grinding indigo, or fuch fubfiance, in a dry fiate, in 
this mill, the muller being placed' in the morlar, and fecured 
in the oak pieces by the pins, the indigo to be ground is 
thrown above the muller into the morlar; on lurning the 
handle of the axis, the indigo in lumps falls into the groove 
cut through the muller, and is from (hence drawn under the 
action of the and propelled to its outer edge within 

the mortar,’ the coarfer particles again fall into 

Uie groove muller, and are again ground under it ; 

which operaiiloa iii continued, till the whole of it is ground 
loan impalpable {iitwder; the muller h then ea lily removed, 
and the colour taken out* 


A wood cover. In two halves, with a hole for the axi<, 
is ufiially placed Uipon the mortar, dating (he /operation, 
to prevent any Jofs to cofour, pr ]^d tp ' the 

operator, { .. . - ^ 
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M&. THOIkSON^S PVKIPICATION OP |oiD AND SJLVBR. 

xvili. 

^ new and theap Method of purifying Gold and Silver* By 

Andrew Thomson, Efq. of Banchory, mar Aberdeen. 

A a Letter from the Dijl:ot'eret\ ^ 

To Mr. NICHOLSON. 

SIR, 

I INTENDED lo hava deferred the prefiwat communication This pubUcation 
till fuch time as 1 (ho^Id have it in my power to lay before theJ^ Jj7,Tcca^^^ 
public the complete (eries of experiments in which I have the inventor 
been engaged with regard to the puriheation of gold 
filver. But unluckily 1 mentioned a few particular circum* 

Ranees with regard to them, to a man who look it^uppn him, 
without rny knowledge, to fend an account dT them for 
publication to a periodical work. As 1 underfland that work 
will not appear fo toon as your next number, 1 beg, if you 
think it worthy of a phee^ that you will infer! the following 
account of foine attempts 1 have been making to purify the 
precious metals. 

Being much at a lofs for want of a crucible of pure River 
for the analyfis of fome minerals, and as all thb^ufual methods tra^Hig^copper" 
pradiced for purifying that metal are very»|jroublefome, I fetfrom bsibmeuU 
Diyfelf toconfider the various operationt,^ #etak, .in hopes 
of falling'On a more (imple way of aocompSRl^ my porpoi'e. 

At length, 1 found a procefsof Pelletier’s, promifed to 

fucceed, and mine is merely eaiendmg hialdea a little further 
than he did himfdf. 

He was, 1 bejieve, employed by tim French government oxides the tin 

to difeover at^gafy way ef feparathigtl»e:trn from copper > 

belLmetal/ and (He procefe; he g%ve, is this. Upon the 
iBSslted be{l-metal prc^e^l black oxide of ii^ngai^fe in powder, 
frequently Rirring the tnetal till all the (in becomes oxidated 
by the mauganefe*.* He adds a caution, not to add too raur l; proper- 
manganefe, other wife part of (he copper allb will beaffoathe 
deilroyed. c)pper. 

It immediately ftruck me, that in this way I might Fje able The author’s 
to o^Tidate the copper which calloys our River, and upon 
making thd trial I fucceeded completely ; I had fome impure rolled out^ then 
filver toUsxi out to about the thicknel's of a Hiilling, tins j i 

, coiled g.r.cfcj and 
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ITie «rhoIe con- 
tents were then 
put into a larger 
crucible with 
thrice its bulk of 
gicen glaf:.. 


MR. Thomson’s Pt!j-RiFic ation of gOld an0 silver. 

coiled up fpirall}’, an<^)u. info a crucible, the bottom of 
which was covered wiil^la^ oxide of manganefe. i then 
added more oxide till tile (iiver was covered, and all the 
fpace betweeyfihe coils completely Hlltd. A cover w'as then 
luled to the crucible, and a fmall hole left for the efcap^ of 
o::igen gafs. When this had been expofed for a quarter of 
an hour (o a heat fuflicient to melt filver, 1 found the itirfacc 
of the manganefe brown from the lofs of oxigen ; but, where 
the filver had been, the whole was ono uniform Wack powder, 
without the lead appearance of inet^lic luftre, fo that 1 had 
no doubt, that even the filver was become an oxide. 

I then put the wjiole contents of the firft crucible into a 
fecond of a larger fize, into the bottom of which I put a 
quantity of pounded green glafs, about three times the bulk 
of (he cofitents of the firli crucible, and luted on a cover as 
before, to prevent the acceft of any infiammable fubfiance. 


Strong heir The crucible was then expofed to a heat fufficiently firong 

and teduc^d die glafs very flttid. Upon cooling and breaking the 

filver pure, and crucible, 1 found the filver at the bottom perfedtiy pure, as 
alone mabutLim. its oxide alone could part from its oxigen without the accefs 
Thia proeef^ of fome inflammable fubfiance. 1 find this procefs anl'wers 
wlth*gold?^^ equally well for punfVing gold, and to me it feems li> polTefs 
fome advantages over all the former .methods. The materials 
ufed are cheap, and a large quantity can be refined as foon, 
and as eafily as A'ftoall quantity, by merely altering, the capa- 
city of the cru^&ie you ufe. 

The metnl mufl: I tried 1^0 foifie Operation on gold and filver in round 
mwU wiafles, .,but foundit went on very flowly, and what I fcarcely 

cxpcfled, in the ^r/l part of the procefs of » oxidating the 
nietalsi the remaining metal Continued uniformly impure or 
nearly fo, until (he wbole was oxidated. » 

The proporrtons, 1 regret that I havd been forced to make*1this master public,^ 
^ could do H *n a manner fatisfti^ory to mytelf. of 
the author his wifhed to have given the exa^ proportions of alloy, manga- 

generally ufed, and to have afeertained 
procefs. if there is any truth in (he old opinion, that fallpetre tnehed 

with gold deftroys a part of it. I ruppofe that idea may have 
arizen from the oxigen given out by (he nitre in a high heat, 
oxigenaling the copper contained in the impure gold^ which 
has been the fubjccl of the experiment. 


Since 
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Since the above was wrlUen. been informed 

tins inatier bas>«clually been publimecj^ but know not in what 
Vork. I hope you wiU Aill have ti)e goodnefs to inl'ert this aa 
si*^ original communuaiion^ as 1 do not think the perfon w*lio 
has ppbliihed it will have the impudence to call it hts own« 
and a& Mr. Kirwani and other celebrated chemids long ago 
advifed'me to publith it, I have, already Hated my reafons for 
not following fuch good advice. 

As I have now been fqrced to appear before the public, 1 
have hopes I (liall be able Jo prevail on fomeof my triends to 
commit themlclves in the fame way, in Ihe contidence that 
their labours will be found ufeful to the public. 

1 am. Sir, 

Your^s truly, 

ANDREW* THOMSON. 

Banchortff by Aberdeen^ 

Aluy btb, lS?Oj. 


XIX. 

Mtmoir on I he Propagation of Sound, Ry M . H A s $ &M P a a r z . ^ 

'X'hE production of found is afcrlbcd by all .palural pliilofo- Sound prodae^d 
phers to the vibration of the molecules of bodie$. by vibrations. 

The vibration of ihefe molecules admits of two kinds of which djecr in 
modification; 1ft, in velocity; 2ly, in magnllode. The *“ 

of liicfe determines, Jhe nature of toncs^ the. fecond^ (heir 
lorce or intenfity. ^ ' 

Sound is traiifmitled to the ear by the jmolt^ules that fill the The fanorous 
medium or interval between the fonorous bpdy and llie 
of (Ife heari n^. ?j|^«niO V(^oi^nt ,Qf the IgiiorQus tfody i m prefies Tome Thedrum, 
on the molecules of the n^edium atf which *bey 

tranfmit from one to ancih|?r, till it readies the ear, with aiinucdtothc 
greater or lefs velocity.. In this tranfmiflion tlie vibration may 
undergo two kinds ot alteration;' fft, in its velocity; 2dly, in 
its {ntenfity^. In this memoir I (hall only tranferibe fc>me ex- 
periments relative to the velocity of found. 

Philofopiiers have long been engaged in determining the The velocity of . 
velocity of fop nd, but confidering the air as the chief medium 

M • • 

* Annak-s de Chime, Vol> LIII. p> 64. 
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Thi* velocity 
uniform in a 
given medium. 


by nvhlcli Lt is tranfmi^a^i^ the ear, they have attended only 
to its velocity in air* jhdNiavo employed two .dlfierent me-* 
tbods to determine this, 'theory and experiment* 

Thefe two methods have led to the following remarkab 3 
refults; iH, that the velocity of found in a given medltun, is 
•UDiform, whatever its diAance from the phonic centre, and 
and the dcnfity whatever its in tend ty: 52diy, that the denfity of themeditin^ 
equal prelTures is one of the elements of the velocity; for it 
meats. has been found by theory, that the velocity of found is the fame 

as that of a body, falling from half the height of an atmof- 
phere fuppofed to be of equal dendty with the air in the^placo 
where the found is iranfenitted; and by experiment, that, all 
other circumAances being equal« the velocity of found is the 
Not s/Tedted by different preffures of the barometer; fo that it is equal 

the height of on the fummit of a mountain and on the fcu-niorc. In fa6t, 

the barometer, denfity of the air being proportional to the comprefTtng 
weight, the height of the column of mercury in the barometer, 
divided by the denfity occahoned by this preifure, is a conOant 
quantity ; and Che height of the aCmofphere of a uniform den- 
fay being equal to the iota) weight of the air divided by its 
denfity, it follows that the height of the barometer ought to 
Blanconi an'erts make no difference in (he velooity of found. Blanconi afferts 
it to be lets ill ' (Comment. Bonon, vol. II. p. 36^), Uiat the velocity of found 
** *** lelsin winier^tkan in fummeri fince, according to Ids^pc- 
rifiK-nts, it tf|lE;eP Amr feconds more in winter to traverfe a Ipace 
denies of fixteen Itm^isn eiiles. Derhara afiBrnis, that the velocity of 
found is the faiipe vi^lrcthcr IIkj air be cxircinely hot or extremely 
cold,, (hough tables of experiments will be found on ex- 
amination favourable to the opinion of Bdanconi; for tlie 
greaioA velocity of found in them was on the 5lh of April, at 
one o’clock m ' afternoon, being thri^ miles in 111 half- 
ffwnds, and the foaft Velocity on tlw5 l2ll#*of f’ebVuary, at Ax 
o’clock in the^dif^ing, being. three miles in 122 iialf-fecit)i:id«. 
As the experirtfents on the yefocily.of found undertaken by the 
Academy of Sciences in 1737 were temperaluroa that 

exhibit only two or three degrees difference, perhaps it would 
he well, as Mr. Laplace thinks, if tlfoy W'crc repeated at a 
time of the year when the temperature is very (t^rerrl^ for 
Not affected by experience has (aught us, (jiat this velocity is equal ih rahay 
and in fine weather, fo that nothing hut change o/' temperature 
can produce unv variation in this refpeel. 

, * Wha 


ram or fine 
wiMlker. 
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Whatever thefc refults may pr(j;/e,^s ifie experiments &ti 
ll)e ve]c)cliy ami propafi^ation ot Tountljliave been hitherto made 
jo the air alone, it \A'asan mteretiing enquiry to determine the 
velocity of Touncli when tranfmitted by other bodies, and par- 
ticularly oF ditferent denfities with rel'pedl to air. Mr. La- 
place, to wham branches of phytlca! fcience are indebted fof 
improvement^ invited me about ei^ht months ago to make 
experiments on th^ fubjefli and particularly on the propaga- 
tion of I'otind through tel id bodies; and the experiments of 
which I flial! give an arc wiint in th« paper were principally 
made in confequence qi' that gtouleman’s fuggeiFion. 

Making experiments in the quarries beneath Paris on the Experiments on 
tranfmifllon nf found through long galleries, I caufeda ofViind^th^u^^ 

to (Irike with a hammer againtl a mafs of /lone, retiring at the the ftone ia 
lame time by degrees from the place of Ariking, in order to 
diflinguifh if pofhble the found tranrmitted by the ftone from 
that tranfrniUed through the air. Placing my ear agatnA the 
Tuafs of calcareous Aone through which lliefe galleries are car- 
ried, at a Aiort cliAancel diAinguilbed two founds perfe61ly fe- 
parale, one tranlinitied by the air, the other by the Aonc, 

Both founds grew weaker in proportion as 1 retired from the 
Ariking point ; but that tranfiintted by the Aone was weakeited 
much more rapidly than ti>al (ranfaiitted through the air. In it was convejed 
a gallery excavated beneath Rue de ia Harpe the found iranf- 
milted by the Aoneceafed to be audible at I^4> paces diAance; paces; 
and in a gallery beneath Rue dc St. Jaques at 140 paces. — — —but through 
rin ough the air the found was tranfinilted to 400 or 440 paces the »ir 440. 
diAance. The found tranfmitted by the Aone always 
the ear much fooner than that tranfinitted by the air. Hone. 

Mr, Berthollef, to whom Mr. Laplace fnrparted thefe re- rc- 
fuUs, deArous^^i^Jk^ing affured whether the found of a hammer peated, and 
could be trinfmitteft through a mafs yf Aone 140 paces thick, 
requeAed Mr. Gay, by nay defire, to be prefent at my expe- 
riments. With this young chemiA I repeated the expei iment the r.und con- 
of the tranfmiAion fd' found through Aone on feveral fcparale 150 paces, 
maflTes, and he convinced hirnlelf, that found was capable of 
being tranfmtttcd through a mafs I5Q pnee^ in length. 

It was long ago obferved ill workiirg mines, that the noifcThe propagatioa 
was propagated to a very great diftance through inafTes of 
rock ; and4he line of the found heard through the Aone fervo'i , 
on nia^ny ecxraAons to determine the direction in which the gal- chimes. 

VoL.iXI.— JuN s, 130J. ^ K icries 
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lories are carried on;^i^^o one harl attempied to obferve, 
wbcdier tbe velocity omhe found (raiifinilted by the flooe dit- 
Its velocity ap« /ered from thai, of ihe foutid (ranfmilted by the air* My 
thaTof^li^hu quarries underneath Parts have taught 

that tbe difference is confiderable ; and when tbe gallery is 
Tufftctenlly (Iratght* lo be able to dilcern 4he motion of the 
hammer with tlie eyc% no calculable diBerence can be per? 
ceived between (be conveyance of the motion to the eye and 
that of tbe found to the ear* • 

The difTcrcnccs The didanee which the found of the hammer can be ron- 
of thediftanccs vcyed to t lie ear varies confiderably ^wilh the nature of Uie 
is tranfmiKed the fepafations or filllircs in the inais. Having 

through folid caufed a man to flrikc with reiterated blows againd an ifoluled 
jrn^cfi remark- common done of llie fame kind as that in the 

quarries, and cemented with mortar, the found was tranfuiil- 
ted only thirty paces. Striking, in the fame manner on a pa* 
rapet of hewn ftpne raifecl the borders of the Seim*, the 
found was tranfmitted 46 paces. "Jliefe expeiimenls weiu 
made in the open air by day, conrequontly under circumllances 
Jefs favourable to the propagation of found than when on the 
calcareous maffes in the quarries ; but the ditlbrence between 
SO and 46 paces, under the fame circumdances, on maffes 
ciifTering only in the dimenfions of the dones of which they 
were formed, very remarkable. 

Zxporimeutt; re. £]ncQurag<%d by dbe ibccefk of my experiments in the quar. 
peated, invitation of Mr. Laplace, 1 attempted to re. 

peat tbe fame experiments on different fubdances. 
oil tiunbisf. By ..the fide of the high road that leads from ihe place de la 

Concorde to Chaillqt along the bank of the Seine^ oa the done 
wharf of St. Leif, opp<dile the deam-engine of Gros-Caillou, 
is placed a railing 210 paces in length, form«4i^^^ pieces of 
Convfyeu far- timber, feparat^ by four large pods. Tffe blow &f a hanumer 
air” exiroodity of, this railing was beard didiit^ily at the 
oi(.n air. though through the air it was audible only 120 paces. 

,At the (iifUmoe<at which both tbe founds* were audible,, that 
through the wood was heard long before tbe other i and when,, 
dandfng at dhe greated didanese from tbe place of I 

hcaid opl) the (bund tranfmitted through the limber, the ve. 
Jocity of its tranfmiirion was great, that it was di^Bcuk' to 
dirtinguifh any interval between the perception df the Ibund 
by the ear, aud of the motion of /he hammer by tbeeyo- 

V Having 


Zxponmeutt; re. 


oil timbfr. 


Conveyeu far- 
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Having convinced th^y the propagation of foand 

^through flohe and through wood v''as clFedled whh much 
greater velocity than through atr« and that the time of its Irani* 
nnfliDn to fuch Hiort didances as thofe on which I was able to 
experiments was too little for calculation, I wasdefirous 
of knowing whether the velocity of its iranfinit&on througir 
motallic fubflances were the fame* 

Several experiments on bars of iron fixed on folid mafles, as Similar experi- 
the bars that hold together the Hones of parapets, 

me uncertain refults, I fought for ifolated bars of futheient bars vf iron, 
length to afibrd fome c(.*rtainty. My firfl experiment was made 
on the upper bars of an iron railing, 34 paces long, erected on 
one of the walls of the garden of the LegiHative Body, ad- 
joining to the Place des Invalides. On Hriking one extremity 
of this alTemblage of bars, two diflind founds were heard at 
the other end; that traiffAiitLed by the bars, and that by the 
air; the former being always heard fird. The fame experi- 
ment afterwards repeated on bars of different lengths, gave 
me the fame refult; and this refult is fuch, that it isimpotlible 
to didingnilh, at the fmall diflances at which, theft? experi- 
ments were made, any difiercnce between the tranlinitfton of 
the motion by light, and that of the found by the Ibiid me- 
dium. 

Repeating my experiments on the velocity and propagation 
•f found through the maffes of Hone in the quar^ries beneath hr heaid 
Paris, in company with Mr. Gay, this ChemilHmagrned 

that he diftingniflied two founds (ranfmitted through the air, h ft a grave, 
one grave and the other acute, which reached his ear fn acuu. 

ceflion, the graver found appearing to have the greater vclo- 


This refujt, tWfl^h contrary to the theory of the propagation Mairan ami 
of found, according to which gravewand acute founds ought had con* 
toTiave thefame velocity; bad already been conjectured by 
venfiif phllofophers, particiHarly by Mairan, and was therefore 
worth confirmation/ For this purpofe I Hretched two firings, Experment 
one of brafs, the other of catgut, fo as to make them 
twbifiifferent tones, the firfi one more acute, the fecond one 


more grave ; then firiklng both thefe firings at once with the 
wood of a black lead pencil, theftwo founds, which were con- 
founded t^ether at firfi, appeared to feparatc at the difiance 
of 400 puces in a Jarge gallery of the quarries, and we both 
imagmeA we could difiinguifli the graver found firfi. 

/ K A 
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probable caufft While obferving the propagation of found in the galleries. 

of fallacy in this j feveral limes occ£i|(ion to remark, that a (riund at a great 

expcnincnU t t i 

ciiltanee was frequently repeated, eillier by reflection or by the 
vibration of the walls, foas to caiife two differerent founffe to 
be heard and riiftinguiflied, which reached the ear in fucceHion. 
As it was pofltble that the difference which appeared to Mr. 
Gay and me might have been produced by (he caiife here men- 
tioned^ 1 determined to repeat the experiment in the open 
air. •• 

The experiment For this purpofe I took two glafe bells, the tones of w»hU'h 

repeated m the oClave and a filth, (hat ijie ratio of their vibra- 

open air. T - 

lion was as 1 to 3. A hammer was To acljufted as to Ur ike 

both the bells at once, and make them found at the fame in- 
ftaiU. Carrying this inilruinent into the fields, 1 endeavoured 
to afeertain whether (he (wo founds reached the ear in unequal 
times. Several experiments repeated in various places, made 
me believe a long lime, that their velocity was unequal ; but 
having obferved, (hat on fome occafions the founds reached the 
The double ear at the fame time, I was led to remark, that whenever 1 
c*cn* htic^bv all I diftinguifhed a difference of velocity, this dificr- 

echo. ^ ^ ence had been occafioned by a repetition ot the found, and 
dial frequently very trifling obflacies, a-s trees or hedges, were 
Grave and acute fuffjcient to produce this repetition. I repeated iiiy ejtperi- 
Ume^vclocity**'^ rnents therefore anew in the niidft of plains of greater or lef*? 

extent, asthgfebf Montronge, Grenelle, St. Denis, &c. and 
whenever 1 waii remote from any obfiacle capable of producing 
a repetition, both founds were heard at the fame time. With 
iny in(i,rument 1 could diflinguifh the found of the two bells at 
' the diflance of 700 pages or (>31 yards; whence it follows, 
that both experiment and theory concur to clemonftrate, that 
gra^c and acute founds have the fame veloc^iij:^. 

Condufnnsfrom ^ the experiments^ related in this paper it /olio ws; Ifi, 
the cxpcnmcnib. ihai ilic velocity of found diifers according to the medium %y 
which it is piopagatcd: 2d}y, thatlhis velocity is much more 
confulerable, when it is propagated by fiilid and very denIb 
bodies, than wdien by aeriform bodies, and of little denfity : 
3dly, that both grave and acute founds have the ramevel6cily ; 
a refult to which theory led us. 


V very, 

\ 
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XX. 

J very adr/anta^com Mode of preparing Muriate qf lUmttca by 
the Mutual Deeompofitim of fulphuruted Bavytea and Muriate 
of Lirne^ By Mr, Gokttl i n g .* 

Mr . DRIESSLN of Groningen firft obferved, that rouri- DrieflVn firft 
ate of lime and fulphale of barytes decompofo each other at a 
high degree of heat. VrmninftJorff veriBed the experiment by muriate of 
of the learned Dutch piofetlbr, and applied the principle 
the preparation of niflriatc of barytes. He percL*ived, how- 
ever, that the udiole t)f the fulphate of barytes was not de- 
compofed in this way, and he tliought,>that equal parts of the 
two falts were tlie fuilahle proportion for decompofing them 
as completely as pofTiblo. Mr. Goettling has deemed the fiib- 
jeft worth fartlK'i inquirv, the relUlt of which was the procels 
1 ftiall now dcB iibe. 

One part of native fulphate of barytes in fine powder is to Mr. Oofttllng'i 
be mixed with half a pait of muriate of lime. f This *^*^1^*® 
is to be introdiieed inio a Heffian crucible, which is to be clofely of barytes in thin 
covered, and brought gradually to a red heat. The matter 
mufl be kept in a flale of incniulefcence a full half-hour, and 
frequently Birred. It is then to be poured out into an iron 
cone, and after being coarfely powdered, ifetd be thrown into 
fhrt?e pa/ts of boiling water. The veflel b'etvi^ immediately 
taken from the fire, the mixture is to be ftii^ed occafionally 
with a glafs fpatiila, and the undifToYved matter is then to be 
left to fubfidc. The clear liquor being decanted otT, Uie red- 
diuim is to be poured into a tiller of linen of a clofe texture, 
and the fluid Ughlly prefibd out. The refidiium being again 
lixiviated part of water, is to be Brained as before. 

'iijjlie liquors arc then to be mixed together, and evaporated to 
a pellicfe, to obtain the fait by cryftallization. In (his way 
wc BiliH have five-eights of a part of muriate of barytes. The 

* Van Mens'# Journal de Cbimie^ Vol. VI, p, 92. Abridged 
from the ^afcht^U'BuebJuer Sckeidekuenftler. ^ 

t This muriate is obtained in abundance in our laboratories, at Muriate of lime, 
vn alveiititious prod u 61 : it he proem ed likewife at a very ^^'^'^ ^^** * |****^ 

tjifiing exuCnce by adding lime to the inotlicr-water left after refin- 

ing conai^ll^ lair. 
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mother-water of tliefirft dry(^alIization, which isalmoft wholly 
muriate of lime, is to be fet aiiJcfor a frefli operation, or for 
any other purpofe. 

As the infoluble mafs of fulphale of lime ftill contains a 
large quantity of fuipbale of barytes, indeed about half; the 
original quantity, it is to be treated afierti as above, with one 
fourth part of muriate ot lime; and the fame procefs is to 
be repeated with an eighth part of the fame fait. Thus w’C 
obtain an a'Idilion from one to two eighth parts of muriate of 
barytes. Tlie falls of the various cryftallizations require lobe 
di/hdved and re-cry flallized anew, in order to free them from 
a little muriate of lime, which adheres to them in the firft cry- 
flallization. 


XXL 

Ohfavations on the ReBificution of Nitric Acid, hi/ Mr. Stein- 
AC HER) Druggift at Paris.* 

It has long been known, that the firft portions of nitric acid 
di/lilled from litharge contain muriatic acid. Bertholiet ex- 
plains this phenomenon by faying, that the oxide of lead di- 
viding its action between the two acids, both are fubje61ed to 
the a£lian of expanfibility produced by the heat. Meflrs. 
Welter arid Bonjour aflert, that, if muriate of filver be em- 
ployed, oxigenated muriatic acid is formed, which rifes with 
the firft portions. If I may be allowed to give the refults of 
my labours after ihofe of fo many able chemifts, I would fay, 
that, when the nitric add has been fufliciently concentrated 
before being fubjedled to re€l location on'^filver, or on oxide of 
lead, the firft part of the rectified acid is le^’nd on trial to 
contain no morialic acid, jioiwith (landing tW nitric acid con- 
tained much oi it after its concentration; and hence I infer, 
that an exuefs of water is the true caufe, that diminiibes the 
Bttra6lion of the muriatic acid for the oNide of lead' or of 
fiver. 

The operator however would in vain exped to fticceed by 
merely concentrating his acid before redlifying if, if he afed a 
determinate proportion of liih&rge, or diftilled to drynefs, as 

* Vail Mons's Journal de Chinie, Vol. VI. 

^fevcral 
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feveral aothors dire€l. Tlie quantity of litharge muft vary 
from one to eight fixteenths of the weight of llie acid, accord- 
ing to its degree of impurity. On the other hand, if difiilled 
to drynefs^ the latter portions of lire nitric acid will carry over 
with .them in folution muriate of lead, or of filver. 

Four kilogrammes (lOlb. 8oz. Ifidwt. troy) of nitric ntid^ * 

of the Amps, at 35®, containing muriatic acid, and a very lit- 
tle fulphuric, are tirft didiiled in a reverberatory furnace in a 
retort placed on an earjhen velfel filled with land. The fire 
mufl be fo regulated that ^hc drops fucceed each other flowly, 
and half the acid is to be thus drawn off. It will then give 
1.5® of Baurnd's areometer. What remains in the retort is to 
be poured into a bottle. Its fpecific gravity will be exprclTed 
by 4® of the areuiiietcr. Laliarge being liirown intdit in fine 
powder, and ftirred with a glafs rod, will be converted mto a 
white powder in a few hours. More litharge is then to be 
added in the fame manner; and this i.s to be continued, till the 
Jitlinrge retains its colour after feveral hours Handing. The 
muriate and fulphate of lead are then to l5fe left tofubfule en- 
liiely,, and the acid is to be decanted off into a tubulated glafs 
retort, placed on a fmall earthen plate filled with faiuU in the 
niidft of a reverberatory fqrnace, all the parts of which are 
retained except the dome. A receiver is to be adapted, which 
fils clofcly without luting; for, as the vapour of the acid eafily 
deftroys every kind of lute, (he product would other wife be 
liable to become impure ; and the diflillafibri h to be fo con- 
du6lcd, as to admit a ftiort interval between the fall of each 
drop. Great care mud be taken not to fulfer the acid to boil, 
for thus it would be difli paled in incompreflible vapour. The 
firft half that comes over marks 3.5®, the fecond 40®. Both 
portions are ^oip urlefs, and liave all the proptfrties of a very 
parenitril: acid, 4f of the liquor be left in tlie retort. 

• If a Hop be put to the di/tillallon after (he firfl portion is fe- Beautiful 

parated, and the fetort left to grow coW, you will obtain a 

beautiful cry ftallijsaCion of muriate of lead in brge and very may be obtainedf 

brilliant (Iriatcd bexaedral larqince. This fait is a true muriate, 

for (ulpboric acid expels from it vapours eafily didinguiffi^ble 

(o be tbofe of the muriatic acid. On continuing the difiiiia- 

(iofi, thefe cry (lals gradually Jofe their regular figure, and at 

length f§IUo the bottom in a powdery precipitate. 



13S 


OF phosfuoiius. 


Oxide of phof- 
phoruf. 


A pi<« of i«®f 

iilvrr is fufpend 
ed fo as to be 
moveable in a 
l^lafs cylinder. 


' ^ XXII. 

Method qf making the ver^ combuftiblc O^ide of PItoJphorust 
By Amicus. . , ' 

To Mr. NICHOLSpN, 

Peak Sih, 

You know ver^ well that phofphciriiq mnifed to a much 
fnialler proportion ot* oxij^en than is I'oquifilc lo render it into 
the acid ftalci brings it into the condition of an oxide which 
fets on fire fulphur, on juft rubbing it againft a common match, 
Bttt the common method of oxidizing phofphorus for phofpho- 
ric mt^tches by fixing it in the bottius with a hot iron, is trou* 
blefome and vvafteful. This oxidation, however^ may 
e^e6ted with great facility and economy by cx poling a large 
proportioiif viz. a hundred grains of phofphorus in ajar contain., 
ing half a pint megfure of oxy-rouriatic acid^ in which cir, 
cumftance the phofphorus w^ill be melted and fume, butfcarcely 
take fire. After cooling, it mull l>c kept excluded from the 
aifi to prevent the infiammalion from nicre expofure. 

I>EAR Sir, Yours, 

AxMICUS. 

May i28th, }805>f , 


XXIII. 

Dejbrip^n of an extnn^ly fenfihlc Micro^tle6tromtier. By Mr. 
MARfcCHAUX.f 

In a glafs cylinder, aboqt an inptt ^nd hal/**inrUiaineter and 
five or fix inches High; a piece of leaf filver is fuTpended fron?, 
a final! pair of hippers, capi^ble of being lowered or elevstted 
as the length pf the leaf may require. The piece that ctirpea 
the nippers may likevidfe be moved horizontally, fo that* the 
leaf may be moved at pleafure^. nearer lo or furthef from a 
fphere of copper, which is one of (.tje poles qf tpe i^ftruv 
pent. 

e 

♦ Tranflated from Von Mons's Jtmrnal de Cbimie, VdSJ- VI. p. 
38. ^bridged by Van Mons.from Gij^rt's AnnaUn der F^vfik. 

> The 
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The glafs cylinder has, about 1" (centimetre, near 4- lines Through a holt 
Kiighfli roeature?) i'rom the plate on M-liich'it is fixed, a linall IJ*niicrometci- 
lu)le, through which pafTes the oxtremily of a micrometer- fcrewpaflcs, 
lerew, about the tisEe of a large goofe- and very care* 
tully out. This (crew has fifty threads in a Rhynland inch, 
cut .very deep, though very fine. It is made ^ of two pieces,* 
and (hpuld be at Icall three cjuarfers of an inch long, to avoid 
any (bake. The extremity of this (crew carries a little ball, 
which is put on after the ferew is paffed through the opening 
in lire cylinder. To avoid all fridion againft the glafs, care 
is taken that (he (Lic^v, when turned, does not touch Ih^ 
edges of the cylinder. The (crew carries a plate three inches 
and a half (.‘j.8 hjiglidi) in diameter, which has 360 divi- 
lions, and coniequenily divides each thread of the icrew. into* 
as many parts* 

In this manner we are enabled to determine the fphere of by which the 
adivify of the two electricities in ItiOOOllis of a Rhynland ^ 
inch. I'iie mounting which contains the female ferew has a ,nch may be 
finall pillar, which advances on the plate, and cairies an in- mcafuied, 
dex, by which the degrees a|e marked with pre^ifion. 

To ufe this inftriimenU which is perfcclly inlulated by the Mo*!c of pm* 
glafs plate on wdiich it refis, the fir ft thing i$ to place the plate n^unfcntfbr"ufcfc 
in fuch a .pofilion that the 0 ftiall be exadly uiider the index. 

The adjufting (crew which carries the nippers is then to be 
moved till the leaf (ilvor is fo near the ball, that no light paffes 
between them. Tims we have the point of contnd, and of 0 
for the fphere of adivlly of the two eledricilies. To be certain 
that the leaf is brought as clofe as poffible to the ball without 
being forced put of the vertical diredion, the micrometer ferew 
fbould be moved a turn firft backward then forward feveral 
times, and the 4 >^ lion of the leaf obferved every time the 
ball is brou^U into coiUa£l with it. I^he inftrument being thus 
adj\ifted, the micrometer- ferew muft be moved backward one 
turn, and then we have between the leaf and the bait a diftance 
of on^-fiftieth of anjneh, w^bich may be fubdiyided pleafure 
by means of the plate ; for with a plate .near four inches to 
diameter, and by means of the fine needle on which it turns. 


we may diftinguifti half or even a quarter of a degree if 
neceftary, • 


An adju(^ent hxed to the plate on which the cylinder refts Apparatus for 
ferves lo ascertain whether leaf of filver be in fadt drawm «f<-*c«ain>ng the 

* perpendicularity 

out of the leaf. 
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out of tlie vertical line by any allradfve power. This conlifis 
of a fine filk thread, ftretchfed in the fame plane a« Ibc filver 
leaf. . By nieami of the ferew this thread may be moved both 
horizontally and verticallyf fo a» to followthe move naentt-of the 
filver leaf. 

MoAeofttfingr ' Every thing being thus arranged, make a commanication 

the inarumciit. meafia of €ondu6ling wire* between a Cngle couple of me* 
taUic dilks, or one conftituent part of a pile, placed on a plate 
of aY)d the tnfimment, fo that one of (be metals (liali 

communicate with the top of the mfirument, and the other 
with ihe-bottom. Then by means of a,glafs handle fitted to it 
mo%»e the plate flowly from one degree to another, and you 
wilt find the leaf touch the ball with ordinary eledricity, when 
il « 60^ or sa® of the micrometer ferew from (he vertical plane, 
in which the leaf filver refied before its communication with' 
tl>e metallic dilks. This difiance increafes for every pair of 
clifks added; and as the ball remains fixed at the point to which 
the ferew has carried it, the motion of (he infi rumen! may be 
obferved with great accuracy. 

tt$eirts«mei(:n- This irtfirurhent is fo fenfible, |hat, if a fiender glafs lulie 

iiWity# rubbed but twice, and brought near the apparatus, (hough 

feveral inches from its fummit, it pafies through the whole 
extent of its fcale. It is for this reafon the inventor calls it 
a microi^ehSh^ameterf becaufe we can meafure only very weak 
degrecs'of eleftricity with it. 


e 

XXIV. 

Jt^ion tf Pka^jfkottts on the Soiidions hf Meiah, By Mi\ 
SeHNAVBERT’*. 

MKTfphOTOT oh» SAGEf bed already obferved, (hat phofplrofns precipitt^tes 

iCTftdi to Fcci- ihe fiilphates of copper and of manganefe. After him 
pirate nactala, or * . . , . /• -i . • i' - i 

lifemann, llmmnn I obtained a crynalhaahOB ofgbiver in the humid 

of pliopliorasi Still more recently Mrs. Fol- 

Van Mons^s Journal de .CAimie, Vah ^ SI5-. Abridged 
from Gotttling’s Cbemifckes Tafehenbueb, 

. f Amlyfe ebimique et Coacordflfue des trois Regn 0 S» 

} Crell's Chemi/ebe 17^, Tow^. 1^, p. 32^3. 
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Iiame* publiHiecl experiments on the redudion of (bme roetaU 
Jby phofpfaonis diflbivcd in ethef, Laftly, Rlr, SchnaubertSchnattbert’s 
I»li8 undertaken a ncnr inv^eftigsuioo of the fubjedl.^the prin-**^**"*®^* 
cipal refulU oi' which are as follows: 

CoU 

.Two little bits of pbofphorus were pat into a nit ro-muriatie Cold completdy 
folution of gold diluted with a fmall portion of water. At * 

expiration ol (wealy^ouc hours tlie fotutton was compietety phoiphotus. 
Golourlefs^ and pellicles the colour' of metallic gold fwam 
on the furface of (he Ij/quid. The phofphoras itlelf was ro. 
vered with a deep brown coatingy and in tbis was oblervablc ' 

in ieveral places thin layers of reduced gold. At the place 
wl)ere the phofphorus was a black circle was perceived. 

The folution thus treated by phofphorus, had not a iingle 
atom of gold left in it. 


Silver^ 

Some phorphorus, which was left for twenty-four hours in Silver prediiS- 
a nilric folution of filver dilated by water, was completely 
covered w ith melnllic filver in the ftHrm of dendrites, the ra* 
mifications of wdiich were dire6led upwards. During 
tion this remarkable cryifallization of filver, which made the pi^of^hurc. 
phofphorus appear as if garniHied with points, afiemed firfl a 
white colour, and afterward formed a light black mafs, which 
at length became of a light brown colour. 

Buickjiher. 

Mercury diflblved in nitric acid is precipitated on the phof- Mercury preex- 
phorus in the (brm of little metallic globules, which cover 
entirely. By he^lfing to ebullition the mercurial globules dif- which heat con- 
appear, ancf a blackViafs without any ^etaUic luftre is formed. 

Lead* , 

At the ordinary temperature phofphorus did not aS^oti Ihe I^ead oot re- 
nitric folution (S teady though the digellion was co^mted * 

feveral dayse at a boiling heat however a change was ob* 
feeved in the phofphorus, whiob was covfsred with a grey 
colour Sightly metallic. « 

* Ettky on^ombuftton, kc, 

Cojfpcr, 
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Copptr. 

Copper power- No metalHc fohf^tcm was more ilrohply attacked by i^liof- 
fttUy ailcil on. phorus liian that of copper in nitric add. The phofphorus^ 
wa» no tooner introduced into, the idiutioti of copper, than it 
aiTamed a black colour. In twenty-four hours it was covered 
Y^ihjL (iratinn of metallic copper inr very thin layers and 
the fc^ution had IxK^ome much paler. The. upplication of heat 
caufed drops of phofplioras to flow out upon the reduced 
copper, where they immedratelv ^.fTomed a black colour. 
Thefe drops alter a lime were in the^r turn covered with a 
Conip!ete)y pre- inetallic C0at^ copper. After this the lolulion was peiTcclly 
Sie'folmMMi!” cQlourlcfs, and ammonia did not deleft in it the leaft par** 
tide of metak 

Tin. 

Tin partly re- Several bits of phofphorus were put into a folution of tin 
cQttverw^Vttto *” *^'**^^ muriatic acid. The next day the pholphuni-? was 
coloured of a deep browiv only in Tome parts a melullic co- 
lour was obfervable. Thefe metallic fpols difippearcd on 
boiling, and the phofphorus became Aill deeper coloured. 

Sulphate of cop- * In making this experiment with a folution of fulphate of cop- 
|w forms a beau- pej.^ (lightly . he?jting the mixture, at (ii'(Ka vapour ariies, con- 

tilul experiment, phofphdnis gas, that carries off with it foine fmall particles 

The phoiphonis of pholphoriis, 'which take fire on the iurface of the folution : but 
enveloped in a x\ie extrication of this vapour Toon ceSfes, and the phof|ihortis be* 
l^ymaUMble" hermetically enclofed in a box of copper, in which it is dt- 

cbpper impervj fended any farther a£lion of the fulphate, and even of the 

ous to air. ajjp^ to whatever temperature (hort of fiifing the copper it be after- 
wards expofecl. The piate of copper that forms this coveiing is 
two or thiee lines thicks it poffeffeB more tefmq^y than common 
copper, for it lUAy be flattened with a hamnler in difhu'cnt direc- 
tions without cracking, which at the fame time proves the groat 
conipreflibility of the phoiphonis; and it (hines with a very pure 
metallic luftre.. On opening the box carefully with n cutting in- 
flrunfent,' ilie phofphorits is found in it rctaintig perfeftly 4s form, 
fliliiig copper cafe completely, and not appearing evcii to have 
nSbd'tPipon’ the fulphate. 

Other metals did ■ f did not obtain the fame fevemT othSr mlfi ds v^hich I 

e^^****^ doubt on account of tllctr containing mdte mtigdn. ^ ^ 

. MONS. 
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Som« bits of phofpborus were put into a fuJphuric folution Mangwiefe w- 
of manganefe. Tbe next clay phofphoru^ was of a *** 

brovTH colour, and on its furlacc was perceivable a pleating 
mixture of colours, owing to the reduced metal. The mix- 
ture was (hen heated to ebuilttinn, and after it bad grown 
cold, the manganele was found reduced*' in the form of little 
radiating lines on the fufc^d phofphorua, iRterinisted wilb a 
few finall globules of lhe»white colour 'of tin. 

In Ibete experiments we may obfervet that the phofpliorus, Genenl coiida- 
beii vie deoxidating the metals, united with tlie ihetals when 
I educed to form phofphures, as was evident in the foiutions 
of filver, mercury, and tin. 


XXV. 

fin'oulU of a neiv Pyrometer ^ xvhick is capahte of indicating 
IJci^rtris of IJ cat of a Furnace, A/r. J. G.< Schmidt, 
of Yajjhi/^ in Moldavia, From the Author. 

ITHOUT entering info any detail concerning the fub- Pyrometrica! 
fiances bell calculated for pyromctrical enquiries, 1 flatter 
niyfelf that it will be admitted that thofe muft. receive the pre- 
ference which arc capable of regularly contrafiing or expand- 
ing, without alterijig their chemical properties, when fub- 
je^lcd to elevated temperatures. 

The permanently elaflic aeriform fluids appear to me to be GaTcs arc the 
fuperior in tliofJa rdpedls to any other bodies, ^«^***^ 

Let almVphcric air be Freed from moiifure by cauflic alkalis, Atniorpherk air 
o? other bodies, and included in a veflel of platina^ This ayeflel of 
veflel A ff/g. 3, PL Vi,), which may be made of any con-**^ 
vehient fiac, is coii^necled with the tube B B, of as fm it bore 
as po(iibie« This'jtiibn is a I fo made of platina, . andLr^eohes 
into a veflel C, which is filled with water opjo 
into this the tube is fixed air-tight. Out of the veffel C rifes 
a glafs .cylinder G hermetically foaled, ioclnding a thermo- 
^meter, and a graduated tube F F is ibcured into the veflel C 
in a iimidar manner. 

Thtf 



IM SEP. or corpEft rftoM sxlvbk. 

Vfe and appKca- X|j|s I'g ||,e whole conllrQ(£lfon of my pyrometer. To make 
nle of it nothing more is neceffary than to introduce the pla- 
fina veflTel A itUo the furnace the teftiperaturc of which to 
be learned. The moment the included air a^ed upon by 
the heat it ex^and^, and expels the water op into the gradu- 
ated tube F F. This rife will lake place accordingly as heat 
tnereafes. If care be taken that the air be cooled in the vedel 
C as much as poflible (which will be the cafe from the large 
lurface of water to which it Is expofed). it is obvious that a 
volume of water equal to the volurite of air in the vcffels’Of 
platina, can nevCr pafs op into the fuVe. The refrigeration 
may be facilitated by the application of vaporiEable fluids, 
fuch as ether, alcohol, &c. 

If the degree of tein pci ature be obtained which the air had 
before it was ((ibjeded to the experiment, and a proper al- 
lowance be made for the prefTaie of the water m F F, the 
true expanfion of the air may ijius be found, and cjmj ared 
with the lefpeclive temperatures. 
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AVw, tafyt and e''(momical Method of fepnrntin^^ Copper from 
Siher. By Mr, G oettli n g *. 


Balpliuric acut 
ufed nidi .id ( f 


ThERKi 


iuccefa. 

Dafeript^n of 
the proceb. 


are four methods of feparating copper from filver^ 
all of whicli require the alloy to be diflblved in nitric acid. As 
this acid is very dear, Mr. Goeitling thought of ufing the ful- 
phuric in its flead, which is comparatively very cheap. His 
ani with peifca fucrefs perlcftly equalled his expe^ation, and the following is 
his method ; ^ - 

Having afeerfained by«lhe touclifione, or in any other 
the proportion of filver contained in the alloy* take one part 
of fulplmric acid for every part of lilver, and for every part of 
copper three parts and three fifths of a par^ of the fiime acid. 
D^ie Ihe acid with half its weight of water, and pour It into 
% aaWMs on the allo) reduced to very fmall pieces. In order 

c 

• Tranflafed from Van Mods*# Journal de Cbifuie, Vol. VI. 
4». Tf^ Originaliy publi&fd in the Tafeheu-Bueb fueh Seheideku- 
and abridged by Van Monj. ^ ^ 



on JCOrt KK FROM SlLVLE. Iff 

to promote the^ a^ion of the acid* it is of ufc to pat one part 
, mure to every fixteeii parts pt the alloy. The roatrafs is then 
to be placed ii| a faiid-heat^ and the acid brottg;ht to a Rate of 
ebuililioo. In two or three hours time the alloy is commonly dif- 
uni led and con verted intofulpIiate» particularly il care betaken to 
fiir the mafs iirom time to time with a glafs fpatula. This mafa 
is thick* and treqaently hard. While it is iiill hot, Rr or eight 
times its weight of boiling water is to be added to it* and it is 
to be left Ibrae lime longer on the fire. The fulphate of copper 
will bedilTolved* and greift part of the fulphate of filver will be 
precipitated. The operator will now examine whether the 
whole be completely dilTolved ; and if it be* a plate of copper, 
or fome pieces of copper or halfpence tied up loofely in a piece 
of coarie linen* mud be fufpended in the mixture* and the 
whole kept boiling for fome hours. The fulphate of filver 
will thus be decompofed* and the filver feparated in the me- 
tallic date. 

To afeertain whether the reparation be complete* a few Mode af after* 
drops of folution of muriate of foda are to be dropped into a 
little of the liquor. If a cheefelike precipitate be formed, il complete* 
is a proof, that all the filver is not feparated, and in this cafe 
the ebullition with the copper mull be continued longer. After 
tlie whole of the filver is fitparaled, llie liquor is to be poored 
off, Lhe precipitated filver is to be w'ell wafiiedi and the entire 
reparation oftlie cupreous fall is to be afeertained by t'le addition 
ol a few drops of liquid ammonia to the water w ith which tbe 
prc*clj)ilate has been wafiied, which* if it contain any copper, 
will be remlered h^ue by the ammonia., After (he filver is May be kept ^ 
llioroiighly freed from the fulphate of copper, it may be l^^pt 
ill the Rate of powder as it is» or it may be fufed w ith a fourth poulh. 
or at mo ft half its ^jeight of fulphate of polafli. 

The water poured oft' is then to 4)e mixed with what wasB^ue vitriol . 
ufed for-wailiing the precipitate, and evaporated in ai ©upper 
pan, fo as to obtain the fulphate of copper by CryftaUii^tkNi. acid. 

The btue vitriol ihijs produced will be at leaft equal m 

the fulphuric acid employed ♦ V? . .. 

If any parts of Ibe^ alloy remained nndiirolve<t* 
iqparated by de^nlation d referved for a fubirte*® ^*^***^* 
eratiou. ' 
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aiTertct! 

tint a pile com- 
of one 
and one 

metal, wa» capa- 
ble of being 
chained b» 
ellnr pile, 
but the fa^'l 
«lt«t ihf fluid IS 
^ovtrrod into 
different 


SClBSTtf/C Ktn. 

Extrafk qf a from tlie 

itain-e^/tc'e qf thecM^fAi*: ^ ‘ 

Volta has made many experimenU ^ cnieopof^cl of 

a fiugle metal, ancL4 tingle wet iTrom^being 

inadlive b) tliemiclvies* become more o(f aftei 

fording a patF^ge for a longer or diorfer .fp^e of lime to au 
eledtnc current fei in motion by adlttie pile, &c. 

Kilter, the moll judicious of ihtw galvanic pliilofophers of 
Germany, has alFerled, as VolU iays,^ that the adtive pile, 
or common clcdlroincler, tranfmits a real charge to the pile 
. that IS ilfelf iiiadlive, whitb it therefore calls the cha^^td plk. 
Volta, however hah eon vim ed himlelf, that no charge is 
tranfaijtted, but, by viriite of the ordinary chemical aclion« 
theoicAric curicnt being continued, changes the finglc v\'et 
iiratattt interpofed between two pieces of gold, for example, 
inio tt^o dilFeicnt iluius one acid, bv winch (lie elecliic 
current lifues out of the nieial, and the olhet akahiie, by 
which it enleis; whidi confiitules a pile of the (econd order, 
namely, ot one metal and two (luids of difleunt natures, the 
adion of which however docs not continue long, bccaufe the 
(luids Toon mix. 


MwfiaJiicat 
work by Mr* 


Mr, GREGORY of the Royal Military Academy, W©^. 
has how in (he profs a Treatife on Mechanics, w'HSch 
is' intj^ded to be publiQied in twjo volumes o^avo. The firR 
, 'will devoted chiefly to the theory, and will be divided into. 
Hvo under thd I’eirelral beads of italics, dynamics, hy- 

drOftatfes, hydfodyr^pnjic^, and pneumatics. . The rec 9 nd 
volume will be chiefly ajipropfrteted to praflicdlahd deferiptive 
fubjeds, and will cbtnmeii^ with gen^i:a] reoWks, . rules^ 
and t^es, relajtiye. to tKe.'^iiature, conflrudlion, and hnip&ifio 
catipjB^f ;m the eAe^s of fridKon, and the rigidit^;^ 

; dnd elli mates of the varied energy of differei^. • 
&c.^ Thefe will be &lipwed by dtTcripjHomr 
alphabetically, oil' about lOO'^of the n>6A 
. ojApf^^and important m^bmi&s. In this 

has beea promifvd cpmmnnicationi from^ ifqmc 
ca|t1mted civil engineers, fo that he bopeii, on^the wh^ 
to leiider the work in fome meafufe deferving the a[tei 3 tidn of 
t|p^:yif,ho are engaged in the^^ltivation and iropWv^'^a^^ ^ . 
either cOf the theory or the pradice of mechanics, 

♦ Van Mons Journal dSCAimie^ Vol, VI. p, 132 . 
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MR. GRfeGO«V ON HORSE ROWE 

an advantageous filuatlunj is able to draw 20(|ros. eight bonr^ 
a da}’> walking at the rate of miles in an !)Our> or feet ^ 
in a fecond. This (latcinent of the power of a borfe, though 
it is not fo great as that wbieh is arbitrarily aflufoed by Meflrs. 

Sauveur Boultoii and Watt, eitceeds' 4b« detcrininatioh of M. Sauveur, 
1891b. avoird. cftittmles the mean cffoit of a horleat 173 French, or 189 

three feci per » , t ^ r m. 

Cccoiid, avoirdupois lbs. with a veloc it y or rather more than three feet 

per lecond ; and it probably exceeds Mr. Smealon’s Aatement 
of 530lb.s. moved 40 feet in a minute^ tlKiugb, as wfll ibon be 
feen, we aix* not furnifhed with proper data to indilute a com* 
pardon between thefe various refults. It is probable, how- 
ever, as obl'erved by the Ingenious contributor of the article at 
page 216, voL IX. of your Journal, that the lowed of thefe 
perfor f nances is more than equal to the average power of a 
iiorlc employed in huibandry lor eight hours per day.” Si> 
—by the author as my own obfervalions on this point extend, I am inclined 
^^fccond?*^ conclude that tlie average work of a flout London cart 

horfe, for eight hours in a day, is little if any more than ISOlbs. 
moved at the rale of three feet in a fecond, or miles per 
hoar. But this it would be ridiculous to afliime pofitively as u 
umvcfrfal unit of meafure, in a cafe whefe the caufes of vari- 
ety are fo numerous, aqd my opportunities of experiment com- 
paratively few* The eftimaie jufl given, it fliould be obferved, 
is not intended to exprefs what a horfe can draw upt^n a wheel 
carriage, where friflton alone is to be overcome, after the load 
is once pot iniot/inotion, and where a horfe will often draw 
much more than lOOOlbs. but the weight which a horfe would 
raife out of a well, &c. tfic animal adling by a horizontal line 
of trad ion turned into the vertical diredtion by a fimple puLiy 
orrollfTt uhofc tridlion is reduced as much as poflible.* 


Mifappllc^tion Before we can inflitute any com]>arifon between the refuhs 
plncipk^Uia? clill'ercnl experiments, it will always bemeceirar3|to enquire 
gain 111 power i what machine was inierpufed between the weight liyggd.and 
lufH in time. animal, in each cafe, that we may thence deduce llie real 


velocit y with which the animal moved, from the velocity of 
the weight or load given by the obfervatiogs. This is too fre- 


♦ The late Mr, More, Sec. to the Society of Arts, found by tjie 
Snterpoiirion of a graduated fpring Inflrument between the^ horfe 
and his work, tliat the re-a£tiofi was between 7t> and 80lb. whfur 
the velocity Was three inHes in an f^ur, I think the work wa? 
ploughing. See Philof. Journal, qtiartc, Vol. in. 136.^ • N- 
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qaenlly omitte^ in confequence of an implicit reliance upon a 
maxima wiiich, tbough highly' uferul under proper refiriAions, 
is &r froai- uQiverfal in its applicatioiu In the cafe before us, 
if wre admit the' mitxim now alluded to, namely, . that wfutt is 
gained in .power is loft in timet with regard to the machine 
through whofe intervention the velocity of the weight is rciv-^ 
dered difierent from that of t{)e horfe, it would be unfafe to 
adopt it in the appreciation of the varied energy of the ani. 
nal when moving wilh^ different velocities* The reafon of 
this is obvious* The energy of the horfe is obliged to be eni- An 
ployed not only in overcoming the weight or refi (lance which 
oppofes his progrefit/but in part in moving himfelf; for the exert hit force 
particles which Conditute his frame poiTefs weight and inertRi, '"^®*^** 

and iherefore cannot be put into motion without effort. Hence 
it follows that there is a certain velocity, which may be de- 
noted by U, with which, when the animal moves, his whole 
power will be employed in producing his own motion folely, 
ivithout being able to move any other body. If a body whofo 
mafs is M be attached to the horfe, fo that be cannot move 
without giving an equal velocity to the eKlraneoui body, the 
fame effort being employed' b6th In moving the animal and the 
mafs attached; the velocity V, with which they move mufl 
necel&rily be lefs. And if M be farther increafed while (lie 
weight and energy of the horfe continue the fame, the velo- 
city V will be flill farther ^diminiilied ; and thus as M in«> 

^creafes V will diminini, until when M arrives at a certain 
magnitnde, W, the animal is unable to make \iny progreffive 
motion, and exerts his force at what is called, a dead pull. If 
.M exceeds W, then will V become negative, and infiead of 
the animal advancing with the load, the load wilt qomffel him 
to move backwards, and no ufeful work can be accompliffied. 


Now Ihefe eiraum fiances may be exprefled algebraically, Method of com- 
• # w . . . , ^ puling the effeft 

byoha^^iAeral formula M oc (U— V) , in which tWexponent of horfes. 
n can only be determined by means of jadkiousMd^siumerous 
experiments, where the magnitude of M flioirtd beafeertained 
for many variable«\mloes of V between the felrmt U, and 
¥sso. From this theorem, following the^cdi|Rm0n rules for 
the tnaxiina and minima of quaniltieSj it may readily be found 
^ai*in order to have the qjft/u/^work done the greatefi poiOble, 

we mufl mcr<«fe or (Jecre^fe Uie weigW . tiU 


L2 
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Example# 


On the power 
of horfes.waik 
Ing in circulai 
padis 5 


•*of dllTcrcnt 
radii. 


when the performance will be denoted by , ^ X W U ^ 

(”+0 

And if the value of V thus exhibited be once’ afeertained ex- 
perimentally, we need never be apprehend ve of a materklfofs 
by a fmall variation from it ; for by a well known property of 
thofe quantities which admit of a proper tnaximum and mini- 
mum, a value afTumed at a moderate dlfiance fromVither of 
thefe extremes will produce no fentibte change in the 
In fome of the a£lions of men» fuch ds dragging a boat along 
a canal, 8:c. the value of n in the preceding theorems has 
l^en found to be nearly = 2. And the draught of hWfes is 
conformable to a law not widely different. The bell experi- 
ments which have yet been made on this point with regard to 
horfes drawing in near-ly rectilinear paths, lead us to conclude 

that n Is then very nearly in the expretffon M oc (U— 

Atfuming therefore for the utmoff walking velocity of a horfq, 
the value U = 9 feet per fecond, a value which is quite high 
enoughi any propofed effimales of the Arength of this ammal 
may be compared with facility. ThuS} for example, let us 
enquire which is greater, the effimatc of Mr. More (men- 
tioned by Mr. Hornbluwer) of SOlbs. three miles per hour, or 
feet per fecond; or that of 1 30lbs, moved at the rate of 
three feet per fecond? Here we flmll have , 

(9—3)^ : (9 — 4*4.)^ : : 130 : 7 ||lbs. nearly. * 

The operation "may eafily be performed by means of a table of 
logarithms, and Aie ws that the mean eAimate I have laid down, 
when reduced (o the fame velocity as that by Mr. Moore, fur- 
iii(hes*a refuit Icfs than his by 8^ lbs. Which of thefe is the 
nioft accurate can only be determined by future experiments. 

If, however, either of thefe eAimates lliould be adopted, 
it may be proper to remark that they would not 
gard.to the power of horfes w^orking in circular paths; yet, if 
it be at all proper to ufe horfe poiucrs in eAimatIng the energy 
of machines, it feems moA natural to take tjiefe powers as ex- 
erted by the animal in a round walk ; fo that it is ilill necefTayy 
to have a feries of experiments to determine the vafuie^ of n, 
and the relation of and V wlien horfes draw in cii\:ular 
walks of different radii. 1 fay, of different radii» becaufe itSs^ 
certain thegre&ier tHe jradiu&of the.cixcfe 

in 
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in whole circiij||feTence the animal moves, the lei's fatigue wmH 
be oceadoneii by. that kind of motion. Indeed it is obvious, 
that Ante a refliUnear motion is the moA eafy and: natural for 
the horfe* the lefa the line tn whicts be moves is curved^ wkb 
the greater facility he wdll walk over U, and the lei's he need 
recline from Ibe. vertical pofiUon* Befides this, with equal • 
velocity at the circumference, (he centrifugal force will be 
tefs in Ihejgreater.tcircle, which wH! proportionally diminiAi 
the fridioji of the cylindrical part of the trunnions, and the 
labour of moving the roaahine. And farther, the greater the 
radius of the horfe-^ws^kf the nearer Uie> chord of the circle in 
which the horfe draws is to coincidence with the tangent, 
which is the moA advantageous poAtion of the line of (ra£lion. 

Hence it follows^ that although a horfe draw in a walk The higer 
of 18 feet diameter, yet he will work with far greater eafe in 
one whofe diameter is 35 or 40 feet ; and it is very deArcable 
that an experimental enquiry Aioulci be made to afeertain the 
proportion and abfolule quantity of work in different circles, 

I am of opiiuon that it would not be dilTiCuU to make Ibme Dercilptlon of a' 
uTefuI experiments, while worjt was actually carrying on at ™‘^cbanical ap- 
any horfe mill, or machine where horfes are conArained to meafuring the 
move in a circular walk. The Ample drawing which accom. «-adtionin mills, 
panics this letter will alAA in conveying a clear idea of the 
method which I fancy might be advantageooAy adopted. 

LetABivg. 1. PloreX. be the vertical (haft to which the 
horieontal horfe poles AC, AD, are attached. Let one horfe 
work the machine by drawing at the ear E ; but, inAead of 
the tranfverfe bar to which the harnefs is Axed being, Amply 
bung upon the hook h, let a good fpring fteelyarcl be inter- 
pofed between that crol's-bar and the hook, the graduations 
of which Aiall, when the machinery is put into motion, in.> 
dicate th| reAAaifbe (in lbs.) overcome by the animal, in* . 
rtlwfMijiiijnr weight of the mafs moved, the friction, &:c. Near 
the extremity of the oppoAte horfe- pole AD,iet there be fixed 
a Arong and correS common Aeelyard, whofe divifions (hall 
ftiew^tbe various weights from 40 or 30 to 200ibs. and whofe 
centre of motion Aiall be at the point / on the fixed Aaiul, 

Let the cord c which is faAened to the Aiorter arm of this 
^l^ord, pafs (with as little^ fritlion as poffible} over the 
pulley p, and thus, being^turiied into the horizontal dtre^ion, 
or tatbec, inoUning a little upwards, lei U be fixed to the crofs 

bar 
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Dcfcription of a bar of the harners of a fecond horfe, equal in ji^oint of (irengtb 
former. Then IF ihe two- horfeay thui* attached to the 
mcMfu ring the ears E and F, be made to pafs deer the walk in the fame 

w-aftioa in mills* drredlionj following dach other conliarttly at the diftance of a 
femi-crrcumference} While that which dr^l at ihe eat E 
overcomes the whole pretfure and refinance oppofed hy the 
work, the other which draws at F by fhedbrd over'the’poHey 
p, will raiTe the weight w of the fleelyardj; wbiirlt>thefl^ofO» 
by being moved to and fro upon the»arm/i, tnay be biroogllt 
to exliibit an exa^t coanterpoife, of meafure of the exertion 
and power of the hotfe. And in Ordqf io enfure tbd' greeted 
degree of accuracy in (his re fpeft, the motion of the two 
animals, and the pofition of the weight xv, fliould *be fo ad. 
jaded, that the fame weight Oiould bdfhewn by the grhdaatlons 
both of the fpring and of the lever fieelyard. The iitafctng of 
the machinery will in fome meafure didurb (he efle6t ; btrt ifn 
ingenious manager of the experiments will find means ot 
checking this: and as to the centrifugal force to which thci 
weight w is expofed, it will never be of any material coti. 
fequence in any of the (lew motions which will be pfodud^d 
by this kind of work. 

Each experiment fhould occupy (he fpare of a fair day*s 
work for the horfes; for the conclulions deduced from 
(horler and irregular efforts are always erroneous in excefi, 
and ibould be guarded againd. The fate at which ihe animals 
move may readily be afeertained from the known circumference 
of the walk, and the number of rounds they are obfervedlO 
make in 10 or 15 minutes. Thus, by coiSlihuing the experi- 
ments day after day, varying the velocity of the motion in 
fome cafes, and the radius of walk in others, fuch a ferics 6t 
rcfults might at length be obtained, as would in a great 
. meafure remove the obfeurity and doubt in%vliirh tll^ btidnefs 
is at prefent enveloped. It is fcarcely necedary 
the propriety of 'making a few experiments with a view of 
determining how far a load upon the back of each draught 
borfo, would adid him in hiyiibour* Norcaii it be recjttidil& 
to point out in whWt way, by^^ans of fuch deeiyardx 
applied to waggons, ,8£c. tolerably fmooth roads, and 
two horfes marching abreaft, (one drawing the load, ihe 
raffing the weight,] experiments might be ^Inditofed to 
afcprmn the mag'niitodo of theeffpits ^f horfes ^^njdra wing 

in 
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HI roflilinear j^ths. . Jisdivtoos experiments having tliefe 
parpofeR rin ytew» would certainly be beneficial, as they 
would eitable ns lo. tell what advantages might be expelled 
fcom the laboars^of this uferul quad^nped in differenl circum-* 
ibinci^ .c^But with refpedk lo JLhe adoption of •' horjh The adoption of 

as a unU^of /oice in eftimatiog the. ppw^rof fteam engine?, 

. l^qpfifeCi (bat if kt were as weH known, and as un- of an horfe. 
variable^ a^^dip lengtb. of the day of the equator, I (liould feel 
ap averfion tq applying to any fucb purpofe. It is a com- 
mon meafpre arbitrarily adopted, which has no ncceffary con- 
ne6Uon. w,4h the fubjed that is referred to it, which does not 
in any refpe^l facilitate ihp computation of the powers of an 
engine^ and which may, w'ithout proper caution, lead lo 
confideraUa errors in the conclufions deduced from it. 

Before.^! clofe this letter, already perhaps too long, I beg Smcacon':i 
parmiffion to fay a few words refpedling the mcafure whicli is Xmica* pL^ 
generally employed lo determine the mechanical effefl pro- and effect. He 
duced. This is die meafure ot the defervedly <^^lcbrated 
Mr. John Smcalon, who fays that ** the weight of a body wcijiht into the 
mhltipiied by the height through which it del’ccnds, while 
driving a machine, is the only proper meafure of the power dtJhc/cafc ; 
expended; and that the weight multiplied by the height 
through w^hich it is uniformly raifed is the only proper mcai'ure 
of the effect produced.'^ Mr. Smeaton was led to the ufe of 
this meafure by his profetTional habits ; and many who in this 
refpe^ pay too great a deference lo his authority . have adopted 
this meafure as univerfal ancl preferable to any other. Taking 
this as a popular meafure eafy to reeoIIe6t, and fimple in its 
application, it undoubtedly has its ufes; but in many in- 
fiances it is inadequate tg the purpofe for which it is propofed. 

The late Profeffor Robifon has fonic excellent obfervotions on by 

this fubjt^, in ike article il/«c7«/icry, Si/p. 

he lays down the Jufi meafure to w'hich the 
fcientific inveftigator will generally have recourfe. •* We 
,take. fays be, for the mcafure, (as it is the effefl) of 
eae^rted raechani<;ial power, the quantity cl* motion which 
H produces (or whofe accuinulaffon it prevents) by its unifV>rm 
exextiierr during fome. given time. We fay uniform extr^ 
tiimf not becaufe aniformtty is necelTary, but only 
j^aofe,. if any variation of llie exertion has taken place, it 
muft be kwm in order. tSi of tfie power." 

A fingle 
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Smeacon's mca- A (ingle inflance mfl^ be adduced, io whi^h (be meafure 
of Mr. Smealon is inapplicabtei and in which -we muft hUve , 
horfe (ufijining recourfe to fume fuch fneafure as (bat mentioned by ProfefTot 
Robifon. Suppofe that a horfe while landing fttll fuftattia by 
naeans of a rope and (Imple fixed pulley^ a maefs of a hunuph'ed* 
weighty and thus keeps it fafpended at the top of a wel1> for 
the fpace of a minute. Neither the animai nor the weight 
moves, but (hall we therefore fey, in conformity, as it would 
feeixi, with Mr. Smeaton's meafore*, that there fe <>no power 
expended, and no eflfed produced } ^On the contrary we know 
there is a power expended, and that the effort if fuikiently 
long continued would completely tire the horfe. The effed 
which is produced is the annihilation of the.fimultaneous action 
of gravity upon the fufpended mafs ; confequently, the efFeS 
produced is equal, and contrary to the momentum (hat wduld 
be generated by gravity in the fpace of a minute. So that 
50x32^ X 112=216160, is the proper reprefentative of the 
power expended, as well as of the work done. Were thh 
rope to be cut and Uie weight fuffered to fall for a minute^ 
the fame number would likewife denote ihe labour of the 
horfe in refioring it to its original place, provided that could 
be accom pi idled in an equal l^ace of time, without the horfe 
changing his lituation. 

Ceneral ftate- perhaps, be entirely ufelefs to (late this matter 

picnt. rather more univerfally. To this end, let M reprefent any 

rnadi or body, g=:32^ feel, the velocity communicated to a 
body falling freely in the iirfl fecond of time, and f an inde- 
finitely fniall portion of any time whatever L Then willg t* 
be the velocity generated in the indant t\ and M g t’ the cor- 
refponding quantity of motion ; this, therefore, meafures the 
etfort wiiich muft be exerted at e.ich inftant to fuftain the 
weight, whether that effort be applied immediately, or through 
the intervention of a (ingle fixed pulley. VfottiVirnj 

that during the whole time the force will have confumed ^ 
quantity of motion equal lo/M g fzzM g t: that is to fay, 
if / denote the time at the end of which the«agent is no longer 
able to fuftain the mafs M, we may regard M g / as being an 
adequate meafuie of the force f of that agent. If ttie agent 
not only prevent the mafs frpro falling, but afitually raife Jt 
with a given uniform velocity V during (he whole time \ 
^bco we luuft add the quantity of ^utipn MV to the former, 

which 
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tvhich gives ^ ^ M V x M g < = M ( V xgL) And laflly* if 
the agent pe^Tefs inertia^ its tnafs mud al(b be coniidered. 

ThuSf in the <»de of a horfe whoTe mafs is H, moving along 
with the velocity V during the time t, and raifing the mafs 
JA, lye diali have f = (M x H) Vx M And ironi fimilat 
principles formulae may be invedigated to reprefent the power , 
of a fifft mover in more complicated cafes. 

; It will after all^ be proper to didtnguifli carefully between Power expanded 
^ quantity of power ejjpended, andihat portion of it which 
is u/^uUy employed: bu^ a due confideration of this would require to be 
too widely extend the limits of the prefent communication. 

Indeed 1 ought to apologize to yourfelf* and -the feientihe 
part of your readers^ for dwelling fo long as 1 have done 
upon topics which are well known to all who are converfant 
in the theory of mechanics: but if Ihofoi for whofe ufe this 
^letter is chiefly intended, (hall derive fome precife information, 
or add to the flock of their practical knowledge, by any hints 
of mine, I (hall not fear being heavily ceniured for having 
entered thus into minutiae. 

I am. Sir, 

Your’s very rcfpe6lfuny, 

OLINTHUS GREGORY. 

Royal Mil. Academy, Wpolwich. 

June \Qth, 1805. 
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An Account of fome Amlyiicat Experiments on a Mineral 
Production froim Devonjhirc ennf^ting principally of Alumine 
^^igJidJ^cr, By Hu Ml- HR V DAf-v, Efq. F, R, S, Prqftjfur 
of Chemifiry in the Royal Injlitution, 1) om the Philofophical 
Tranfadions in 1805. 


ThI^o 


f. Preliminary Objkrvaiions* 


rfoflil was found many years ago by Dr, Wavell, in aHiftory of . 
rpiarry near Barnftaple: Mr. Hatchett, who vifited the place 
in 1796, detcribed it as fljling fome of the cavities and veins 
in a rock of foft argtllaceops fchlft. When firll made know'O, 
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Ft was conladered as a zeolite; Mr. Hatchett^ ^lowever, con* 
clededy from its geological pofitioiit that it mod, probably did 
not belong to that daft ef fiones; and Dr. Babington> liroin 
its phyiicai charaderit and from ibme experiments on its 
foIatioDi in acids» made at his requed by Mr« Stocker, afcer«^ 
. tained that it was a mineral body, as yet not deferibed,- 
and that it contained a condderable proportion of aluminous 
tearlb. » v ' 

It is to Dr. Babington that I am pbliged for Ute opportu** 
nity of making a general invedigaiiqn of chemical nature; 
and that gentleman Itberaliy fupplied me with (’pedmenR for 
analyfts. 

IhSenJtbleChara^ersoftlteFoffih 


Its fcnfiMe cha- The mod common appearance of the fodil is in ftpaH 
hetnif groups of crydals, compbfed of a number 

phericai groups { filaments radiating from a common center, and inferted on 
white, fi iky, the furface of the fliid; but in fome indaoccs it exids as a 
colledlion of irregularly difpofed priftns forming fmall veins 
in the done : as yet, 1 believe, no infulated or didinfl cryda| 
^ has been found. Its colour is vihite, in a few cafes with a 
tinge of gray or of green, and in fome pieces (apparently 
beginning to decompofe) of yellow. Its ludre is filky ; fome 
of the fpecimens podefs femi-tranfparem y, but in general it 
is nearly opaque. Its texture is loo/e, but its fmall fragments 
podefs great hardneft, fo as to fcraicli agate. 

Other charac. It produces no efle6l on the liuell when breathed upon, has 
no t:\de, does not become ele6lrical or phofphorefcent by heat 
or fridtion, and does not adhere to the tongue till after it has 
been flrongly ignited. It does not decrepitate betbre the flame 
of the blow-pipe; but it lofes its hardnefs, apd becomes 
opaque. In confequence of the minuten^fs of the portions 
which it is found, few of«tbern exceeding the fizc olape^it 
is very difficult to afcerlain its fpecific gravity with sSf^re- 
ciiion ; but from fcveral trials I am difpofed to believe, that 
it does not exceed 2,7 Q, that of water being confidered 
as 1,00. ' * * 


III, Chemical Chdra&ers of 





Chemical habi* The perfcftly white and femi^tranfpareidl oT t^e 

j ftiffil dtc foluble both in the mineral aciduf^a^ kf fixed alka- 
and in f. alkalis, line lixivia by heat, without fenfibly ©fleivcfcmg mthout 


leaving 
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leaving any nd^bfe reliduutn ; biit a fmall part remain^ an* 
dilTolved, when floured or opaqae fpecimens ore expoted i& 
the alkaline liTtivtir. ‘ 

A fmatl femii^tfanfpBrent piece^-afted on by ihc biglicd Fiirce heat fw* 
lTf»at af an excellent forge, had its ci 7 ftalline texture deftrby- it! 

ed, and rendered opaque; but it did not enter into fution. mie-fuarth. 
After iKe experiinent it adhered %ongly to the tongue, aiul 
was band to have loll more than a fotirtb of il-^ weight. Water 
and alcohol, whether hoi or cold, had no efl\?6l on the fofliL 
When it waa* a€led on by a beat of from to dOO^ Fahren* it emitted watee. 
heit in a' glafs tube, it gave out an elatlie vapour, which when 
condenfed appeared as a clear fluid pofTefling a flight cm-^ 
pyreumatic fmell, but no tafle diflerent from that of pure 
wat^er. ♦ 

The folution of the foflil in fulph uric acid, wlien evaporated Sulphuric ibhi. 
fufficienliy, depnflted cryflals which appeared in thin plates, 
and had all (he properties of fulphutc ol'aluminc; and the 
folid matter, when rediflulved and mixed with a little carbo- 
nate of potafhi (lowly depofited octahedral cryflaU of alum* 

The folid matter precipitated from the Iblution of (he white Muriatic fohi- 
and femi-tranfparent foflil in muriatic acid, w»a» in no manner 
a^ed upon by folution of carbonate of ammonia, and therefore 
it could not contain any glucine or ittria ; and its perfe6l 
folubility without reflduum in alkaline lixivia Qievvcd that it 
was alumine. 

When the opaque varieties of (he ft>flll. were fully ex- The white t»- 
pofed to' Ibe agency of alkaline lixivia, the reiiduuin never 
amounted to more than one>twentietIi. part of the weight of 
the Vfhole, In the white opaque variety, it was merely calca- 
reous earth, for when diflblved in muriatic arid, not in cxcefs, 
it gave a white precipitate* when mixed with folution of oxalate 
of amniot^a, and did not aSed folution of pruifiate of potafli 

In the green opaque variety, calcareous earth was indicated and the green, 
by folution of oxalate of ammonia : and it contained oxide of manganefe: 
manganefe; for iUwas not .precipitated by folution of ammo- 
nia; but was rendered turbid, and of a gray colour, by folution 
of prulfltite of potafli and iron. 

^TBe refiduum of the alkaltnq folution of the yellow variety, the yellow, i 
when diflblved in rourialitj acid, produced a fmall quantity ol of*iron. 
white.folid matter wimp mi^d yvitb the folution of the oxalate 
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of ammonia^ and gave a light yellovir precipitate by expofartr 
to ammonia ; but after this^ when neutralized, it did not aifed 
prufliiate of pota(h and iron, fo that its colouring fnatter, as 
there is every reafon to believe, was oxide qf iron, 

* IV. Analyfis of the Fqlfil, 

Eighty grains of the foffil conlilling of the wbite/l and moft 
tranfparenl parts that copld be obtained, were introduced into 
a fmall giafs tube having a bulb of AiQicfeDt capacity to receive 
them with great eafe. To the end^ this tube, a fmall giafs 
globe attached to another tube, communicating with a pneuma- 
tic mercurial apparatus, was joined by fuGon by means of the 
blow-pipe. 

The bulb of the tube was expofed to thc beat of an Argand 
lamp; and the globe was preferved cool by being placed in a 
yelTel^of cold water. In confequence of thi$ arrangement, the 
fluid difengaged by the heat, became condenfed, and noelaflic 
matter could be loG. The procefs was continued for half an 
hour, when the giafs tube was quite red. 

. A very minute, portion only of permanently elaflic fluid 
pafled into the pneumatic apparatus, and when examined, it 
proved to be common air. The quantity of clear fluid collected, 
when poured into another velTel, weighed 1 9 grains, but when 
the interior of the apparatus had been carefully wiped and dried 
the whole lofs indicated was 21 grains. The ID grains of fluid 
had a faint fmell, Gmilar to that of burning peat ; it was tranf- 
parent, and tafled like diflilled water : but it flighlly reddened 
litmus paper. It produced no cloudinefs in folutjons of muriate 
of barytes, of acctilc lead, of nitrate of filver, or of fulphale 
of iron. 

The 59 grains of folid matter wete diflblved in diluted ful- 
phuric acid, wliich left no refiduum ; anvl the foVition was 
inixed^ with potafh, in (uflicient quantity to caafe th>;«aluj»^ViO 
at GrG precipitated again to diflblve. What remained un- 
dilfolved by potalh, after being collcfled and properly wafhed, 
was heated ftrongly and w’cighed ; its quantity was a grain 
and quarter. It was w'hite, cauflic to the tafle, and had all 
the properties of lime. 

The folution was mixed with nitric acid till it became fo7*r. 
Solution of carbonate of ammonia was then poured into it till 
the effect of dccpmpolUion ceafed, ' The whole thrown Juto a 

filtrating 
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filtrating appar^^tus left &Kd maHer. which when carefully n»o««n* ^The 
wathed and dried at the beat of ignition^ weighed 56 grains, arn^’^tcr^- ‘ 
They were pure alumine : hence the genera) refults of theoition, was 56 
experiments^ when calcolated upon^ indicated for 100 parts of 
this fpecimen» 

Of alumine ^ m 70 Oomponent 

Of lime - . 1.4. 

Of 6uid - - 26.2 

Lofs •- - 2A 


The lofs i am inclined attribute to feme fluid remaining The lofs appears 
in the flone after the (wocefs of diftillation ; for I have found, 
from feveral experiments, that a red heat is not fufficienl to matter, 
expel all the matter capable of being volatilized, and that the 
full eiTcdt can only be produced by a ilrong white heal. 

fifty grains of a very tranfparcnt part of the foflil, by being 
expofed in a red heat ibr fifteen minutes, loft 15 grains; but 
when they were heated to whitenefs, the deficiency amounted 
to 15 grains, and the cafe was fimilar in other trials. 

Diflferent fpecimens of the foflil were examined with great The mmerd 
care, for the purpofe of afeertaining whether any minute por- 
tion of fixed alkali exifled in them ; but no indications of this 
fubflance could be obferved ; the procefles were conduced 
by means of folution of the unaltered foflil in nitric acid ; the 
earths and oxides were precipitated from the folution by being 
boiled with carbonate of ammonia ; and after their I’eparation, 
the fluid was evaporated to drynefs, and the nitrate of ammonia 
decompofed by heat, when no refiduuin occurred. 

A comparative analyfis of 30 grains of a very pellucid fpeci- Oihcr inalyfe.. 
men was made by folution in lixivium of polafli. This fpeci- 
men loft 8 grains by long-continued ignition, after which it 
eafily dilTolved in the lixivium by heat, leaving a refiduum of 
a garter a grain only, which wa« red oxide of iron. The 
prci:i]yft1iTe from the folution of potath, made by meanb of 
muriate of ammonia, weighed, when properly treated, 21 
grains. 

Several fpecimens were diftilled in the manner above de- 
feribed, r^d in all cafes the water collected had fimilar proper- 
ties. ^ Tlie only left by which the prefence of acid matter in 
itft:ould be detedted, was litmu^ paper; and in Come calcs the 
efle^ upon this fubftance vFas barely perceptible. 
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Tlie add matter 
ia the water was 
aoc nitric^ mur* 
m fulph. 


It fi foreign to 
liMs ilonc* 


itlumine has an 
affinity fo; 

water. 


Diafpore exam* 
by VauquHinf 
cbnuins 8o alu* 
mine and i6 
water. 
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MS. EXPSRlMBNTfyf 

V. General Ohfirvations. ^ 

.1 have made feveral experimentt with the hope of afeerJ* 
laioing the nature of lha acid maftcr tn the water t but froth 
the impoflibility of procuring any conticferable quantity of the 
fotnij they have been wholly unfuccefsful. It is ho#evet^, 
evident^ from the experiments already detailed^ that it is not 
one of the known mineral acids* 

I am difpofed to believe, from the minutenefs of its proper* 
lion, and from (he ditTerence of thts proportion in different 
cafes, that it is not eHeotial to ^he'compofition of the flone ; 
and that, as well as the oxide of rmnganefe, that of iron, 
and the lime it is only an accidental ingredient, and on this 
idea the pure matter of the fodil mu ft be conlidered as a che* 
inical combination of about thtrtjf parte of water and feventy 
alumine^ 

The experiments of M. Theodore de SaufTure on the pre- 
cipitation* of alumiiie from Its folutions, have demonftrated 
the adinity of this body for water but as yet 1 believe no 
aluminous (lone, except that which I have jufl deferibed, has 
been found, containing fo large a proportion of, water, as 
thirty parts in (he hundred. 

The dias'pore, which has been examined by M. Vauquelin, 
and which lutes fixleen or feventeen parts in the hundred by 
ignition, and w'hich contains nearly eighty of aluroine, and only 
three of oxide of iron, is fuppofed by (hat excellent chemift to 
be a compound of alumine and water. Its phyfical and che- 
mical charaflers differ however very much from thofe of the 
new foflil, and otiier refearches arc wanting to afeertain whe- 
ther the pare of it volatilized by heat is of the fame kind. 

1 have examinetl a fotljl from near St, Aufllc, in Cornw^al!, 
very timilar to the foGil from Barnftaplc in all its gtneral vhe^ 
micid churaRcrs; and I diave been jnlormed, lliai^an analj (is 
of it, made by the Rev. William Gregor forae moitlft^ii'ce, 
proves (hat it confilis of (imilar ingredients. 

Dr, Babington has propofed to call the foflil from Devoo- 
fliire IVavdlite^ from Dr. Wavell, the gentleman wbodifeover^d 
it ; but if a name founded upon its chemical com^ofition be 
preferred, it may be denominated IIydrar»iliUe, from 
water, and clay. ^ 

* Journal dc Phyliqiie, Tom. Lll. p* S?80.. 
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' nt. 

On the Ahcrraliaus of Light poj/ing through Lenjhs, By Mr* 

Ezrkibl Walker* 

TTaE difcovcfy of the aberration of the rays of light, caufed 
by Iheir unequal, refrangibiHty« formed a new area in ihe fci- ^ 
ence of optics. It is the foundation of all Sir I faac Newton* 
difcoveries in light and cblours ; and atfo the foundation of 
mofl of the ufeful 4 lnpro^ements in ihecOnftrudlion of optical 
indruments, that have done fo macfi honour to our country. 

And this fcience ana}*rtill derive farther improvements from 
tlie fame difcovery, not only in the conAru 6 tion of inftruments, 
but alfo in explaining Tome carious phenomena in nature. 

But before £ attempt to fhow how the ufe of this property 
of Villon may be extended, it Teems neceOary to give a fhort 
account of that kind of aberration which arifes from the un- 
equal r^frangibiiity of ihe ditferently coloured rays of light : 
the olKer aberration, or that wliich la caufed by the fpherical 
figure of the lens, is not here confidered as being inconfidei- 
able when compared with the former. 

Therefore let A C B, Fig. 2, Plate X. reprefent a piano- Aberration of 
convex lens; PA and R B two pencils of white or compound 
T^ys of light, failing upon it at the points A and B in a direc- 
tion paiaiiel to its axis. Alfo let A x 77 and Byv be (he red 
or leafl refrangible raySf and A gy and B ^ x the violet» or mod , 
refrangible. The red ray from A will cut the violet ray from 
B at the point x, and (he red ray from B will cut the violet ray 
iVom A at (he. pointy; through thefe interfcflions draw the 
line xy, and this line will be the diameter of the leall circular 
fpace into v\hlch ail the rays that fall upon the lens, parallel 
to its axis, can b^collcded. And (his circle, which for bre- 
fak;^ is called the circle of aberration, is the true focus 
of (tie iens or place where the image of the objed is formed. 

Let (he fine of incidence going out of glafs be n, the fines 
<>f refraction (into air) of the leal! and the mod refrangible 
rays be p and r/ ; then if a plano-convex lens be expofed witi; 
the plan'*7(ide to the fun, ihe diameter of the cVefe of aber- 
ration xy (or image of (he fun formed of rays of different re- 
ffiingtbiritv) is to the diameter of the lens A B, as 9— pto 

* This theorem is well known to mathcninticians. 
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—applied in 
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author's^ expeii' 
ments* * 


r 

From this given ratio of A B to xy it followsj that the 
image of the fun within a telefcope varies with the aperture 
of the objc£t glafs. 

Sir Jfuac Newton found by mod accurate experiments that 
where the fine of incidence was 50, the fines of refraffign of 
the red and the violet rays were 77 and 78. Hence is to 
g+p— as 1 to .55, And therefore A B : ; 55 ; 1 ; or 


To elucidate this theorem by cxaipples^ let the diameter of 
(he object glafs of a telefcope^ which is 4 inches, be con- 
trafted to 8 inches, and afterwards to 2; then the diameters 
of the circles by aberration formed by parallel rays, will be 
•0^2, §05^, and *056 relpeftively* 


The fame Property of Vijion demonjlrated othertvife* 

Thus, let n reprefentthe fine of incidence, and p\zT\dq the 
lines of refraflion, as before, \ 

The fine of incidence of every ray, is to its fine of refrac* 
tion in a given ratio.* 

And the fine of incidence of the extreme ray PA, varies 
with the aperture of the lens. For 72 becomes lefs as P A ap- 
proaches the axis of the lens E v. 

Therefore (he fines of refraction p and g, the angle x Ay, 
and its fubtenfe xy incrcafe or decreafe with A B. Confe- 
quently the image of the fun or moon, upon the retina in- 
creafes or decreafes in magnitude with the pupil of the eye. 

Now as the rays of artificial light are differently refrangi- 
ble, it is evident from the given ratio of A B to xy, in which 
they increafe or decreafe at the fame time that the image of a 
candle formed in the tbcus of a convex lens decreafes with 
(he aperture of the glafs. For the rays of the fun and. the 
light of a candle arc both ‘^governed by the fame law, ip^e 
formation of images in the focus of a lens ; but this law does 
not obtain in the fame degree in both obje6ls, in confequence 
of the rays of the latter being in a more diverging (late than 
thofe of the former. 

Hence (he truth of the refult of my experimeirki^ witich 
were publi(hed in Vol. IX. page 164 of this Journal, is piov^d 
from the difeoverics of Sir JjUac NewlofL 

^ Newton's Optics, page 64* 
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OXCei^OSti^'TtoV.SUtiFBATK BARYTES. 

What Ifaaw^fttitiwr to'wivifice on this fubjed mull bs re< 
ferved until feme future joppoctunity, as it would exceed the 
limits of this pii^., . 

• ’ ' E, WALKER. 

fyutf Jtag Id, 18 <^* , • 


. IV. 

New Method qf^decAotpo^ng the Sulphate of Barytes far pre- 
paring the Muriate *qf that Barth, and Prepwration qf tlw 
Muriate. By Mr. GpETTLiNo.* 

The muriate of barytes is nowin fuch general life, that Muriate of bi- 

‘ every improvement in the mode of preparing it muft meet a *"'*®** 

favourable ’"ere;nion. This will render the new mctirjd of 

Mr. Grtcttling acceptable to the public. 

The 'A'ecompofiilon of fulphate of barytes by means of char- Dccompofitloa 

coal requires a Aroiig fire continued along time, 

fucceeds completely. This is owing on the one hand to the coal troubicfomc 

flrongly oxigenated quality of the acidifying principle in tlie incompleta, 

fulphuric acid, fo that in its tranflation to the charcoal it gives 

out but little calf /fie ; and on tlie other hand to the difficulty 

of imparling a certain degree of heat lo a mixture, into which 

a large quantity of a body that is fo bad a condudor of beat as 

charcoal enters. To remedy the firfl of ihcfe defeds, I hadRcm.'dii*«: 

already propofed to increafe the proportion of charcoal a little, 

^ I .L . , r . 1 . /• 1 . cbaicoaland 

and to incorporate with the mixture or charcoal and fulphate nitrate of pou/h; 

of barytes a twentieth of nitrate of potafh. To remedy the 
fecond, Mr. Goettling advifes to add muriate of foda lo the — and muriate 
mixture, which ferves at the fame time as a condudor of heat**^ 
smd a flux. . The following is his meHipd. 

J^^parts of native fulphate of barytes in fine powder arc Mr. Goettling'^ 
to be mixed with one part of muriate of foda and half a part 
of charcoal powder. This mixture is to be prefled hard in to barytes whh 
a Helfian crucible, and expofed for an hour and half to a red of loda 
heat io a ^ood wind furnace. After it has grown cold, 

togfcher. 

iM^Vranilated from Van Mons^^f Journal de Cbimie, Vol. VI. 
p* 80. Originally publilhed in the Tafcben^Buck fuer SdcUekuen- 

filiTh ^ 

VotaXls— JutY, lS05s M cm^fs . 
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The faiine mafj »* l>e reduced to a coarCe powder, ijnd boiled for a 
Is then M be tnometil wiih iixleen parts of water. The liquor is then to be 
dirroUcd. filtered, and kept in ^ell ftopped bottles. 

The lime of expoforc to heat jnay be fhortened to one halt, 
if lli(j quantity of muriate of fnda be doubled, and the matter 
occationally ftirred. In this cafe too, double the quantity of 
water fliouid be ufed to lixiviate the inafs. 

An afldUion ©f T<» prepare muriate of barytes with this lixivium of fulphu- 
th*r^l baryte*?, vviiich at the fame time holds in falotion muri 

phureousacid ale of foda, muriatic acid is to be 'added in feparale portion^, 
.ind leaves muri- tj|| fulphurated hidrogen gas is bo longer o^tricated. The li 
and of f^7.*** ** filtered, a little hot water is to be pourc 

on the retiduum, and the liquor is id be evaporated to a pc i 
licle. The lixivium being then filtered afrefti, is 1^^ be fet tu 
Theft cryftais cryftallize; the muriate of foda, which is much more foluhlc 
ot muriate of water than the muriate of barytes, and not more folublc 
rated by cnolinE with heat than wMlhout, is notdepofited by cooling, and the 
after cvaporatioiUj^y^jj^jg baiylcs cTyftallizes alone. 

The remaining lixivium is to b(5 evaporated and fet to cry - 
ftallixe again, and this is to be repeated till no more cryftal; 
of muriate of barytes are formed. 

The luryilc fait The barytic fall thus obtained, if care be taken not to em- 
exccfs ’of muriatic acid, is perfectly white, on ac- 
count of (lie hydrofulphuret, by which the ir^n and other me- 
tallic fubflances are precipitated. To be moite certain lliat it 
contains no muriate of foda, the dllTererl produdls of the cry- 
fiallizalion tliuuld be mixed together, difl’olved, and re-cryv 
frail i zed. 


V, 

% 

(hi (hr /Idion of Vlatina ivid Mercury upon each othfr. "By 
Richard Chenevix, Ary. F. R, S, M.R. /• A, fyc. From 
the riulojbphicul Tranjactionsfor IS05, p, lOi. 

freyher*;, June Sd, 180 i. 

Rt-fircncf tothcON I'le 12lh of Maj, 1803, 1 had the honour ot^^efenting 
author’d pdper ^ Sucictyi,* the objecl of which way dif- 

on prfHatiium. nature of palladium, a I'pbftancc juft then atinottneed 

** * Inferted in our Journalj Vol. VIL 85, 


(9 



175 


^ACTttin OF. ri^ATINA AND MERCURY. 

not fenfiWy a^d upon by the fame reagent. The infolubilrty 
of muriate of lilver nitght be alledged as ibe caufe of (his^ if I 
bad not tried tlie experiment pouring nitrate of hlver into 
green muriate of iron^ in which cafe al! the fubnances ivt.'re 
prefeoted to each other m fofution. The rid'alt vva<i not re* 
dudlion, but muriate of filler and nitrate ot iron. 'Phis (a^ • 
refts upon a much mare extenfivc bati<; than mere mechanical 
circuraiiances ; and, if purfued with the intention it deferves, 
it would lead us into the»wide expanfe of complualed affinities 
and their relations, Frcfm rcafouing alone we tlunild he diT- 
pofed to think that antacid, to ndily dccompofed as the nitric, 
would be (efficient to prevent the redu6lion of a metal whu h 
it can dilfolve. But on the one hand it can fpend its ox)gcn 
upon a part of the oxide ol the green fulphale of iron, while 
on the other its afliniiy for oxide of tilver is not powerful 
enough to retain it, whim there is another part of the oxide of 
iron prefent to dcpiive it of oxygen. But the afllnity of 
u.'’riutic acid for Oxide of hlvcr, one of the ftrongeft at 
prelent known, is \(u(Iu,u*nt to connlefbalance all the oUier 
forces, I'hcre arc Jnany other inftances of the fame kind, 

If then a tolutio i of green fulphate of iron be brought into Mercury }»ni- 
contafl witfi eilho? foluble or iidohible muriate of mercury, no 

, II , . PU«ted (mrtaliit > 

redudion lakes jdace ; but it mercury, whether at the maxi- by ^r, tulpli. oi 
niiim or liie minimum of oxidizerrient, lie dilTolved in nitric 
and, ari<l green faljihate of iron be added, the mercury is 
precipitated in the m^ta’iic Bate. , 

Tiiefe experiments are much ftronger examples than llui Tl.efi* rcmwlc- 
fi rmer of ilio effecis produced by complicated affinities. Tiiey 
■arc of ini^xjrlancc not only an objeds of general confideration mcriy Uat;ci- 
but in their application to tije prefent fubjedb They nioft ma- 
terially modify and are indi([)enfabJc to the accuracy of the 
refulls 1 funnel ly *ttaled ; but 1 w^s not aw'are of them at 
the time I firft engaged in liie inveftigation ot this fubjed. I 
can alfo now explain a very material diffidence between fume 
proportions obferved by M. Richter and myfelf in an expe- 
riment which that'chemilt had made as a repetition of one of 
mine. ^ 

I had poured a folution of green fulphate of iron into a Prccipitadw of 
foliilion of too parts of gold atfd 1200 of mercury, and ®y 
obtained a precipitate conrfiBing of JOO of gold and 774 ot or iron: r(H)pau;4 
mercury# Jd Rhhtcr repeated, as he terms it, this experi- R^hter, 

' xnent; 
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ment ; that is, he ufed 100 of gidtS land <00 qf m^rtfurjr, mi 
obtained a precipitikte Sighing f02. He is rurprifed al the 
difference of wdght belweei) om refultS;, which might be 
owing to his repeating ihe mcper$ment ; but the retd 

caufe of ibis difference lies^ at I In my liaving^accU 

dentally ufed nitrate inflead. of ntilTfSite of mercury. I had 
never obferved that with mercary and iilver this opi^alion 
had failed, and it muft halve been, becaafe, oh account of the 
known efiefl of muriatic falts upoa (hofe of fitver, 1 had 
naturally avoided ufing a muriate ofsncrcury. 

The Uate of ojf- But the /late of the nitrate of mercufty which is ufed with a 
Wationofthe ni- indilTerenf. As green fulphale of iron 
ufed with the fo- reduces mercury when dilToived in nttnc acid, as well as gold, 
con?" ucoe'e neceffary to mix the folutions of thofe metals before the 

thn minimum of green fulphate of iron is added, in order that both may be 
ojiidation |we- acted Upon together. If the nitrate be at the minimum of oxi- 
andVnetalUc gold dfzement, a precipitate is immediately formed upon mixing the 
Widowiij folulionsof gold and mercury. Calomel produced bv 

muriatic acid of llic folutibn of gold and llyk‘ oxide of mercury ; 
whilll the gold is reduced to the metallic jit nio by a portion pf 
the oxide of mercury becoming more o\MI/.ed, and forming 
the folublc muriate. The precipitate con^jh of calomel, of 
metallic gold, and of a very fmall portion ormercury which I 
believe to be in the fame /late ; my realbn for thinking fo, is, 
that I have often obferved, that a glafs veflbl in which I had 
fublimed fome of it, was lined with a thin gray metallic coat, 
kilt if the ruax- If, on ibc Contrary, a nitrate of mercury be highly oxidized, 
tUng faiis ciU the precipitate nor redo^ion of gold takes place until the green 
gicen fulphate of fulphale of iron is added. But at any rate the precipitation of 
iron li adJrd. tncrcury, or of filver and mercury by green fulphate 

of iron, cannot be adduced as an argument to fupport the 
aflinity of Ihcfe metals, fince the e/Tcfl is the fame, whether 
they are feparate or united. 

Thefe preliminary confiderations were neceflary as well 
for the re6ti(ication of my ibrmier experiments as for the pur* 
fuit of my prefent obje£t ; and now to return to platina. 
Fxpfrlrnonts Exper, I , If a folulioti of highly oxidized nilral^i^of mercury 
i! Murh of thp poured into a mixed folution of platina and green ^^Inhate 
hi^^oiy pxid. fo|. of iron, the fir/1 action which lakes place pa/Tcs be^^een 
muriatic acid of the folution <of platina and 'the oxide of 

but retained 

in 


fji irott of flat, mercury, by which a muriale of mercury is formed, 
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in folution. This efFedt makes it advantageous to ufe a greater and gi. fuiph. of 
quantily of Ihe^folution of mercury than is merely capable 
drawing down the given quantity of platinu along with itfelf mercury umted. 
in the form of a metallic precipitate. When this precipitate is 
wadied and dried, it' will be found to weigh much more than 
the original quantity of platinai and the augmentation of 
weight has no limit but thofe of the mercury and the green 
fulphate of iron employ ed. But even after nitric acid has been of the latt^ 
boiled fora long time and in great quantities upon this precipi- nUric^aetd? 
tale, until it no longer .diffolves any part of it, there ftill re- 
mains more undiiTolved matter than the original weight of the 
platina ufed in the experiment. By expofure to heat lillle Heat drives off 
more is left in general than the original platina; and fome- 
times even a diminution may be obferved; for as the experi- 
ment is not attended vi ilh uniform fuccefs, it does not always 
happen that the whole of the platina is precipitated, but a 
portion of it v^/li romeiimes rcfift the action of the green ful* 
nliate of iron, cv( when fufficient mercury has been ufed. 

Beioic the prccipit le has been expofed to heat it is dilTolved The compound 
more eafily than pialina by nitro-muriatic acid ; and the folu. more'’fo?ibie 
lion when nearly n a neutral ftate gives a copious metallic than plat, in n. 
precipitate, (yet ’ici equal to the quantity employed,) vidien 
boiled with a foil lion of green fulphate of iron* tal. prccip. by 

Exper, 2. When a mixed folution of platina and mercury is 
precipitated by metallic iron, a quantity equal to the fum of the Exp. 2. Me- 
former metals is generally obtained. After nitric acid has been 
boiled for a long lime upon the precipitate fo formed, the mTc. from 
original weiglit of platina, together with a confiderable in- folution. 
create, remains behind, nor can nitric acid fentibly diminifti dVr^vetw* 
it. It yields more eafily than platina to the a^ion of nilro- of 
niurialic acid, at»d its folution in that acid, when neutralized, in 

gives a precipitatQi as in the former experiment, by green n. in. acid ; 
iiilphatc of iron. If this precipitale be expofed to a ftrong 
heat after it has been boiled with nitric acid, it lofes a great Heat ufually ex- 
part of its weight, and the platina alone will generally die meicury 
found to remain. ^ 

Exper. 3. jWhen a quantity of ammoniacal muriate of platina 3* Amal- 
is treated according to the method of Count Muffin Pu(l)liin o™* 

to fr^m an amalgam, and, after, being rubbed fur a cunfiderable itrnngly 
time with mercury, is expofed in a crucible to a heat gradually 
iiK-reafed tilHt becomes violent, a metallic powder remains in by n. m sen', 

VoL. XI. -Ji’LY, I 80 p. N N and copioHlly 
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precip. by gi*. f. cfucible. This powder is a£lcd upon by^ nitro-muriatic 
of iron. acicl, and when the fotution is neutralized, a copious precipi-' 

talc IS formed upon the addition of green fulphale of iron. 
'J'his effeft takes place even after the metal has been fufed in 
the manner def’cribcd in the former, |>art of ibis paper. ^ 

E«p. 4 - s«»iph«.v J<xpa\ 4*. if lulplnir be added to the ingredients recom- 
aiided in tl»c laU jDcndcd by C<jant JVlufliii PufhLin, and th^ vvhole .treated as 
^rcate^prccip. experiment, the quantity of precipitate caitfed by 

green fulphaie of iron in the nilro*dmiiriatic foliition of tho 
button which reiuUs from the opci^tion> is genc/ally more 
confiderable. , 


Exp s Suipbnr If fulphur be rubbed for feme lime with ammo- 

rubbed with am. niac:d muriate of platina, and the mixture be introduced into a 
linall Florence flafk, it can bo melted on a fand-bath. If 
being added, mefcory be then thrown into it, and the whole be well itirred 


ftrong fufion 
givc^ a button, 
fol. in n. m« 
acid and preci- 
pitaWe by gr. f. 
of iron. 

Exp. 6. The 

procip. from fol. 
of ^lut. and 
mere, by fulph. 
hydrog-'n being 
fiifcd aftbrdi a 
fol, piccip.bygr 
f, of iron. 


together and heated, it may afterwards be expofed to a very 
Arong fire and melted into a button. If this be dilTolved in 
nitro-murialic acid, it will give a precipi t ite, as in the forjr''-* 
cafes, by green fuiphate of iron. ^ 

/ixpe)\ 6, If a current of fulphareited hydrogen gas be fent 
through a mixed folution of pjatina and mercury, and the 
precipitate which enfues be collected, the metal may be re- 
duced by heat; and with the addition of borax, it may be 
melted into a button wliicli will not contain any fulphur. Green 
‘ fuiphate of iron caufes a precipitate in the folution of this 
metal alfo. 


Exp. 7- SoUkc- 

vnfe the prrcip. 
by phofphatc of 
:iminon. 


Exper, 7. If to a mixed foLitiun of platiiia and mercury, 
phofphate of ammonia be added, a precipitate lakes place. If 
tliis be colle^ed and reduced, it wdll be adted upon by green 
fuiphate ot iron poured into its folution, in the fame manner as 


the metallic buttons in the preceding example.s. 

Exp. X. Nicr. of I ^*‘*''*^ already meiuioned th^t when a folution of 

fiK'rc. at mini of nitrate of mercury, at the minimum of oxidizement, is poured 
oxidix. prccjpJ* ^ folution of muriate of platina, a mercurial muriate of 
The mecailic plaUnu IS precipitated. The fupernatant liquor may be de- 
rompound di^- Canted and the reliduum waHied ; if this be reduced and after- 
acid Is prcdpic- wards dilfolved in nitro-munatic acid, it will yield a prccipi- 
ab'e by gr. f. of tale wdtb green fuiphate of iron. This metfrod appears, to me 
. to be the neaieft for combining platina and mercury/ as the 

action which takes place is independent of every fobHance 
except the metals iherafclves . tJ‘ . 


, Exper. 
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Etper^ 9. Onp of the robft tlelicate (efts that I have obferved Exp. 9. Rfccnt 
in chemiftry is recent muriate of tin, which detects the pre- [jrmoft^dcllcatc 
fence of the fmatleft portion of meircury. When a fingle drop tell of mercury, 
of a faturate folation of oeutraliked nitrate or muriate of 

cate tne mercury 

mercury is put into 500 grains of water, and a few drop<i of a in a mixed folu- 
faturate folution of recent muriate of tin are added, the liquor \atii»*^* 
becomes a little turbid, and of a fmoke-gray colour. If ihefe 
500 grains of liquid be diluted with ten times their weight of 
water, the effed is of ceurfe diminithed, but ilill it is per- 
ceptible. 1 had on a former occafion obferved the a6lion of 
recent muriate of tin upon a folution of platina. If a folution 
of recent muriate of tin be poured into a mixed folution of 
platina and mercury, not too concentrated, it can hardly be 
didinguitbed from a fimple folution of platina. But if too 
* much mercury be prefent, the excefs is aftt‘d upon as mer- 
cury; and the liquor atFumes a daiker colour than with platina 
alone. 

’‘^rom all Ihefe exr eriments it is evident that .mercury can Hence, 1, 1. 
ad upon platina, and confer upon it the property of being **7rom* 

cipitaled in a metallic ftate by green fulphale of iron. By nitric acid, and 
Experimmis 1 and 2, it is proved, Ifl, That platina can proted 
a confiderable qu ality of mercury from the adion of nitric * 

acid ; and 2<ily, That mercury can inrreafe the adion of nilro- n^uf- *• 
muriatic acid upon platina. Fiom Expermenta % 4, 5, C, 7, 8, retains me?cu% 
it appears that mercury can combine with platina in fucli a in the ftrv>ng 
manner as not to be feparated by the degree of heal necctfary g'^^ivi/rcufy and 
to fufu the compound, hnee after the i'ution it retains that platina a£l on 
pra(>erty, which is etTentially charaderiftic of flte prefence 
mercury in a folution of platina. The 8ih Experiment proves 9. Platina de- 
that the adion of mercury upon platina is not confined to ihe *** 

metallic ftate; but that Ihefe metals can combine and form an being reduced by 
iofoluble triple fait v^ilh an acid which produces a very foluble 
compound with platina alone. The 9th Experiment fliowsthat • 

platina can retain in folution a certain quantity of mercury, 
and prevent its redudion by a fubflance which ads moft 
powerfully to that tfffed, when platina is not prefent. That 
part of the general pofition therefore which is the objed of 
this paper is proved. If ihefe experiments, upon being repeated 
by othdV cheraids, (hall be found to be accurate. 

One or two of the above experiments feem to be in contra- Aenurk on pal# 
didion to feme that I have fiated in iny paper upon 

N 2 ^ fpr . 
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The compounds 
of platiru and 
mercury are fub- 
jeft to great va* 
nations. &c. 


Jnrcftigallon of 
the quantjiy of 
mercury thus 
ft-xed. Jc IS 
fnppui'ed or in* 
/erred to be , 
ajboqt 17 mer- 
cury to 83 pla- 
tlua, with the 
ipecifit gravity 
j6. 


AI^TION OF PLATINA MBHAIVRVt 

for In the prefent examples platlna protects mercury againlt. 
the adion of nitric acid t whereas in palladium the mercury is 
not only afied upon ilfelf^ but it conduces to the folution of 
platina in the fame acid. I am well aware of this objefiion ; 
but confining myfelf to my prefent obje^ti I (hall waye all 
further difcuilion of it till another opportunity. In the mean 
time^ however^ it may be laid down as an axiom in chemiftry, 
that the flrongell affinities are thofe, which produce, in any 
fubflance the greateft deviation fromits ofual properties. 

When a button of the alloy of ptetina and mercury as pre« 
pared by any of the above methods, is dilTolvcd in nitro- 
murialic acid, and afterwards precipitated by green fulphate 
of iron, the entire quantity of the alloy ufed is feldom obtained. 
A confiderable portion of platina refids the a6lion of green 
dilphate of iron, and remains In folution. This may be looked 
upon as the excefs of platina, and can be recovered by a plate 
of iron. Hence it appears that lefs mercury is fixed, than can 
determine the precipitation of the entire quantity of platina-; 
yet in this tiate it can draw down a greater quantity of the 
latter, than when it is merely poured into a mixed folution of 
platina, not before fo treated. Indeed the whole of thefe 
experiments tend, not only to fliow that thefe two metals 
exercife a very powerful a^ion upon each othcri but that they 
are capable of great variation in the (late of their combination ; 
and alfo that fubftances poHcning different properties have 
rcfulted trom my attempts to combine platina with mercury. 

This obfervation furnifhed me with a nieihod of afeer- 
taining, or at leaft of approaching to the knowledge of, the 
quantity of mercury thus fixed by platina, and in combination 
with it. The experiment, however, having been feldom 
attended with full fuccefs, I meniiun the refult with the entire 
confeiournefs of the uncertainty to wliicbdt is fubje^l. 1 ob- 
ferved the increafe of weight, which the original quantity of 
platina liad acquired in fome cafes aAcr it had been treated 
with mercury, and fufed into a button. 1 counted that aug« 
mentation as the quantity of mercury fixed I then determined 
how much was precipitated by green fulphate iron from a 
folution of this alloy, and fuppofed it to contain the whole 
quantity of mercury found above. But, even if attended 
with complete fuccefs, there is a/:hemical reafon which muft 
make us refute our affent to this cnimate. It i^ pebble, and 
‘ ' not 
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not unlikely, that a portion of mercury may be retained in 

folution by the pfatina, a& well as that a portion of the plalina 

may be precipitated by means of ‘ the mercury. The mean 

refult, ho^wever^ was that the precipitate by green I'ulphate 

of froq.cdniij(led of about 17 of mercury/and 83 of platina, 

when the fp^fcilic gravity was about 16. ^ 

With regard to palladium, left it Ihould be fuppofed that The author con* 

either my own obfervations, or thole of others have given me iJJat 

caufe to alter my opinion ^ I will add, that I have as yet feen a compound, 

no arguments of fuf&ctent i\*eight to convince me, in oppolition 

to experiment, that palladium is a ftmple fubftance. Repeated 

faili^re in the attempt to form it I am loo well accuftomed to, 

not to believe that it may happen in well conducted operations; 

but tour fuccefsful trials, which were not performed in fecrct, fince iuur fuc- 

• are in my mind a fufticient anfwer to that objedlion. deter- expen- 
... ^ , /• rn*‘wts wiMC made 

mining the prefent queftion we may overcome the prepol- or/nrmmgU. 

feffion conceived by many againft the poftibilily of fendering 

mercury as fixed, at an elevated temperature, as other metals; 

we may be led to fee po greater miracle in this compound 

than in a metallic oxide, or in water, and be compelled to 

lake a middle path between the viftons of alchemy on the one 

band# and the equally unphilofophical prejudices on the other, 

which they are likely to create. In the courfe of experiments 

juft now related, i have f(3cn nothing but what tends to con* 

firm my former refults, yet the only means which I can, after 

all, preferibe for fucceccllng, is perfevcrance. 

To afccrlain whether the opinion of MeU’. Fourcroy and Pladna, punried 

Vauquelin, ihat the new metal was the principal ingredient 

in palladium had any juft foundation, 1 obferved the methods method, is 

they have reconimeiuled Ibr obtaining pure plalina : but 1 did combln- 

^ ^ *1 I - 1 . . aolewiihmcr- 

not perceive any difterence in (he lacility with winch either <,ury. 

kind of platina combined with mercury. 

I might have added fome more experiments to corroborate Thcfe thcini/t» 

the evidence 1 have adduced to prove my aflerlion of Ih 

fixation of mercury by platina; but MeflT, Vauquelin and pirfuc tht fuh- 

Fourcroy have pronyfed the Inftitute of France a continuation 

of their refeajphes, and M. Richter concludes his paper with 

laying that he will return to the fubje^. From the labours of 

fucb porfons fome great and important fa6t muft ilTiic, and I 

hope that the prefent fubje^^will not be excluded from (heir 

confideration.^ The faAs contained in this paper cannot be 

3 (^milted j 
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fubmitted to too fevere & fcruliny ; and no judgo can be more 
rigid or more competent than the very perfbn who; was the 
firft to doubt my former experiments. .But it is neccffary to 
be obferved by whoever ftiaB thmk them worth the trouble of 
verify ing^ that even thefe experiments are liable to fail unlefs 
proper precautions are ufed : that lhave never operated upon 
lefs than one hundred grains ; and that the refuitSi which I 
have Haiod, howevei fimple they may appeaff have been the 
conilaiU labour of Tome weeks* « 


POSTSCRIPT. 

Sinre lliis paper was written Dr. WoIIafton has publiflied 


fonie experiments upon piatina. Me has found that palladium 
is contained in very fmall quantities in crude piatina. This I'a6t 
was mentioned to me more than a year ago by Dr. Wollafton, 


Dr. Wol’afton's 
pall.idium in 
cruO' |iiat n3 
proves 

and It may iiave 

J not yet feen a copy of his paper; but I (hall merely 

mating piocefa obfervc here that, whatever be the quantity of palladium found 
in a natural ilate^ no conclufion can be drawn as to its being 
fimple or compound. Nothing is more probable than that 
nature may have formed this alloy » and formed it much better 
than we can do. At all events, the amalgamation to which 
piatina is fubmitted before it reaches Europe, is iufTicicnt to 
account for a (mail portion of palladium. 


VI. 

Method of ohiiaiing the Necrffity of Lifting Ships ^ By Mr, 
Robert Setpings, of Chatham Yard * . 

Great faving and Xhc method here to be deferibed of fufpending, inftead of 
dT'^^inftead fp^ fhe purpofe of clearjng them from their 

of liiting ihips. blocks ; aHbrds a very gfeat laving to (he public ; and abridges 
tvvo-thirds of the time formerly ufed in this operation. From 
the faring of time another very iinpoitant advantage is deriv- 
ed» namely, that of enabling large (liips to be docked^; fuf* 
pended, and qndock^d^ the fame fpring tides. Without 
enumerating the inconveniencieS ariting, an^, perhaps, in- 
juries, which (hips are liable to fuOain, from lbe<^ former 

■ ♦ From the Tranfaftions of the Society of Arts, who voted him 
the ^old medp], 1804 . , 

pra6tice 
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pra6licG of liTling them* and wlitch are removed by the 
prcfent plan ; titat which relates to manual labour delervcs 
particular attention; twenty men being i’utficient to /a fpend Twenty men 
a fifft rate, whereas it would r^uire upwards of 5(X) to lift 
her. The fiUalion w'hich Mr, Seppings held in Plymouth- 
yard* attached to him^ in a great degree, the (lioring and 
liftipi^ of tbips* as well as the oilier pra6lical part of the pro- 
feiljon of , a (hipwright. Here he had an opportunity ofHiftory. 
obferving, and indeed it w»as a fubjedl of general regret, how 
much time, expenfe, and labour, were required in lifting a 
fliip, particularly Oiips of the line. This ituluced iiim to cotK 
tider whether fome contrivance could not be adopted to 
obviate thefe evils. And it occurred to him, that if he could 
fo conftrud the blocks on which the Aiip rclls, that the weight 
of the Aiip might be applied to atHA in the operation* he Aiouid 
accomplith this very dcfireable end. In September J800, 
the flioring and lifting the San Jofet^ a large Spanifli hrA-rate, 
then in dock at PI) mouth, was committed to his directions; 
to perform which, the aAi dance of the principal part of the 
artiAcersof the yard was rcquifitc. In condu6iing 'lhis bunnefs, 
the plan* w'hich will be hereafter deferibed, occured to his 
mind; and from that time, he, by various experiments, 
proved bis theory to be corrcdl ; the blocks, condrudled by The contrivance 
him, upon which the Aiip reds, being fo contrived, tliat the 
facility in ^removing them, is proportionate to the quantity of horizontal 
prcduie; and this circumAance is always abfolulely lender 
command, by increafing or diminiAiing the angle of three vertical wedge, 
w^edges, which conAitule one of the blocks; two of which 
are hori^sontal, and one vertical. By enlarging the angle which by the 
of the horizontal wedges, the vertical wedge becomes of 
confequence more acute ; and its power may be fo inereafed, difpUc the 
that it Aiall have a^great tendency to difplace the horizontal 
wedges, as was proved by a modeH w'hich accompanied the 
Aatemcnt to the Society ; where the power of the Icrew is 
ufed as a fubAitule for the preAhre of the Aiip. 

Mr. Seppings caufed three blocks to ^ made of hard wood ExperlmentB, 
agreeable toj^is indention, and the wedgeB of various angles. 

The horif^intal wedges of the firA block were nine degrees; 

of tha fecond, feven; and of the third, hvc ; of courle, the 

angle of the vertical wedge of the Arlt bl(x:k was 162 degrees; Angles cJf th® 

oPthefecond 160'; and of the third, 170 Thefe bloc|^s, or^'**®®** 

% wedges^ 
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hy batteiing- 
ramss 


wedges, were well executed, and rubbed over with Toft foap 
for the purpofe of experiment. They were tSien placed in a 
dock, in his Majefty’s yard at Plymouth, in which a floop of 
A fljop re<^ea war was to be docked ; on examining them after the vetfcl 

water gone, they were all found to have kept 
, their filuations, as placed before the (hip refied upon them. 
Shores in their wake were then erected to fu^in the fiiip. 
The horisontai prior to the faid blocks being taken from under the keel. The 
dicn^^rivcn^^out clearing them was, by^ applying the power oF 

^ battering-rams to the tides of the ov'ler ends of the horizontal 
wedges; alternate blows being given fore and aft; by which 
means they immediately receded, and the vertical wedges 
were difengaged. It was obferved, even in this fmall fliip* 
that the block which was formed of horizontal wedges of nine 
degrees, came away much eafier than ihofe of feven, and the 
one of feven, than that of five. In removing (he aforefaid 
blocks by the power of the battering-rams, which were fuf- 
pended in the hands of the men employed, by their holding 
ropes paflied through holes for that purpofe, it was remarked 
by Mr. Seppings, that the operation was very laborious to 
the people; they having to fupport (he weight of the batter- 
ing-rams, as well as to Fet them in motion. He then con- 
ceived an idea of affixing wheels near the extremity of that 
part of the rams, which ftrikes the wedges. Tlfis was done 
before the blocks were again placed ; and it has fince been 
found fully to anfwcr the purpofe intended, particulaily in 
returning the horizontal w'edges to iheir original fitualions, 
when the woik is |)er(brmcd for which they w'erc difplaced ; 
the wheels alfo giving a great incrcafe power to the rams, and 
decrcafe of labour to the artificers ; befides which, the blows 
are given with much more cxadlnefs. The tamo blocks were 
again laid in another dock, in which a '.wo-decked fl)ip oi 
the line was docked. On examination they were found to 
be very fevercly preffed, but were removed with great eafe. 
They were again placed in another dock, in which a three- 
decked (hip of the line was docked. This fliip havingiin her fore- 
inaffand bowfprit, the blocks were put quite forward, (hat being 
(he part which pretfes them with the greateft force. As foon as 
It was (he water was out of the dork, it was obferved, lhal tlie ho- 
of wedges of nine and feven, degrees had receded fome 

cjpible of prefl- iect their original fituations. This afforded Mr. Seppings 
a fatisfaf.ory proof, which experience has fince demonfirated, 

. (though 


fuppf>r^cd on 
whfc''.. 


Other experi- 
ments. 



185 


l^ll^CESSlTV OF LIFTING SHIPS, 

(though many ^rfons before would not admit of, and otiicrs 
could not underdandy Uie principle) that the facility of re- 
moving the blocks or wedges^ was proportionate (o the 
quantity of preflTure upon them. The block of five degrees •*nd^ therefore ^ 
kept^ks place, but was immediately cleared, by appKing tbe[j^^ 
power of the battering-rams to the tides of the outer ends of they would bu 
the horizontal wedges. The above experiments being com- 
municated to the Navy Board, Mr. Seppings was direfled to being drivea out, 
attend them, and explain the pirinciple of his invention ; 
which explanation, iartli^r corroborated by the tcdimonials of 
his then fuperior officers, was fo fatisfaclory, that a dock was 
ordered to be fitted at Plymouth under his immediate diicc- 
tions. The liorizontal* wedges in this, and in the other docks, The beftangh'u 
that were afterwards fitted by him, arc of caft iron, with an 
angle of about five degrees and a half, which, from repeated WLdges, 
trials, are found equal to any preflure, having in no inftance 
receded, and, when retjuired, were eafily removed. The 
vertical wedge is of w'ood, lined with a plate ol wrought 
iron, half an inch thick. On the bolioin of the dock, in 
the w’ake of each block, is a plate of iron three quarters of 
an inch Ihick, fo that iron at all times a6is in cuntad with 
iron. 

The placing (he fufiaining (bores, the form and fizes of the 
wedges, and battcring-raiiis, &c. alfo the procels ot taking 
away, and again re-piacing, the wedges of which llie block 
is compofed, are alfo exemplified by a model. 

The dock being prepared at Plymouth, iiwUigufi, 1801, A Lrgc So gun 
the Canopus, a large French 80 -gun tliip, taken 
refied upon the blocks ; and the complete fucceC of the ex- 
periment was fuch, that other docks were ordered to be 
fitted at Sheernefs and Portlmoulh dock-yard'^, under Mr. 

Seppings's direflkms. At tiic former place a frigate, and at 
the latter a three-decked (hip, were fufpended in hke manner. 

This happened in Decrmher, 1802, and January, 1803; and 
the reports were fo favourable, as to caufe directions to be 
given for the get^^t^ral adoption of Ihefe blocks in Ins Majefiy^s 
yards. Tlya invention being thought of national confequence, 
with refpedt to (hips, but particularly thofe of the navy', 
gowernraent has been pleafed^lo notice and reward Mr. Sep- 
pings for it. 

The time required to difengage each block, is fron^one to Ejch Uetk muy 
three minutes after the fliores are placed: and a ^’•ft-rate fits ‘'5 duengoged m 

^ * 1 imecnwnutis. 

on 



It IS not re- 
‘f^uircd to fiif- 
|icnd the ihip jn 
all cafes. £or 
the repairs may 
be done by fuc- 
jceflive removal 
pf |)loc]fs. 


The lifting of 
Aips was a fre- 
(juent operation 
\n the navy. 


This invention 
is of value in 
other iinder> 
takings. 


Fid of a top 
gallant xnaft. 


applied hy 
Capl. Wells. 


£!anceuvre of 
ftrikjfli|| the 

Jcc. 


on about nftj' blocks. Various are the caufes for which a 
(hip may be required to be cleared from her blocks^ viz. to 
ihih the main keel ; to add additional fall'e keel ; u> repair 
defers ; to caulk the garboard Teams, fcarples of ihe keel, 
&c. ImperfeAions in the falfe -keel, which are fo very in- 
jurious to the cables, can in the largeft fliip be remedied in a 
few hours by this invention, without adding an addilionul 
Aiore, by taking away blocks forward, amid*<Okips, and abaft, 
at the fame time; and when the keel is repaired in (he wake 
of thofe block-s hy returning them into their places, and then 
by taking out the next, and fo on in fucceihon. The blocks 
can be replaced in their original fituatiohs, by the application 
of the w’hecl battering-rams to the wedges, the power of 
which is fo very great, that ihe weight of the fliip can be 
taken from the fhores that were placed lo fuflain her. There 
were one hundred and fix fiiips of different clatfes, lifted at 
Plymouth dock-yard, from the ift of January, 17i>8, to the 
3lfl of pecember, J800; and, had the operation of Idling 
taken lefs time, the number would have been very confider* 
ably incrcafed ; for the faving of a day is very fre([uenily the 
caufe of faving the fpring tide, which makes the difference 
of a fortnight. The importance of this c^^pedillon, in time of 
war, cannot be fufiicicnily eflimated. 

This invention may be applied wdth great advantage, 
whenever it is neceffary to erefl fliorcs, to fupport any great 
w'cigbts, as, for inflancc, lo prop up a building during ihe 
repair of its foundation. See. Captain WclN, of his iVla- 
jefi)'!» fliip Glory, of DS guns, ufed wedges ol Mr. Seppings^s 
invention fur a fid of a top-gallant mail of that fliip. In 1803, 
the top-gallant inafts of the Defence, of 74- guns, were fiUeil 
on this principle by Mr. Seppings : and, froni repeated trials, 
fince flie has been cruizing in the North the wedge fids 
have been found in every refpecl lo anfw'cr. 

But it is Mr, Seppings^s wifli that it fliould be underftood, 
that the idea of applying this invention to the fid of a top<. 
gallant maft originated with Capt. Wells, who well under- 
llood the principle, and had received fropi him a^iodel of the 
invention. 

When it is required to flrikc a top-gallant niafl, the, lop 
ropes are hove tight, and the pin which keeps the horizontal 
w'edges in their place, is taken out, by one man going aloft 
for thai purpofe; ibe other liorUonial wedge is worked in the 

*’ fi4 
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iid, at fhown in the drawing and model that accompany (his 
(latemcmt. The upper part of the fid hole is cut to form (be ^ 

vertical wedge. The advantage derived from ridding lop- Jt c.m nowbt 
gallant mails In this way is, that they can be llruck at the flackingchc 
ihorteft notice^ and without flacking the tigging* which is rigging, 
frequently the caufe of fpringing and carrying them away, 
particularly tliofe with long pole heads. The angle of the ^ 
horizontal wee^es for the fids of mads fliould be about twenty 
degrees. 

The above Account.^was accompanied with Certificates Certificates, 
from Sir John Henflow, Surveyor of the Navy; Mr. M. 

Didram, mafler-fliipwright of Portfmouth-Yard ; and Mr. 

John Carpenter, foreman of Sheernefs Dock-yard, confirming 
Mr. Seppings's fiatement. 

Jlefcreme to the Engraving of Mr, Seppingjt^s method qf obviating 
the necejfity qf lifting Ships, Plait XL 

This plan and fedion of a fevenly-four pun llilp deferibes J^efeription 
the method of obviating the ncceflity of lilting Iliips, wiien 
'there may be occafion to put additional falfe Jceels to them, 
or to make good (he imperfedions of thofe already on ; alfo 
when it may be neceflary to caulk the garboard Teams, fcarjiles 
the keel, &c. by which means a very eonfiderable part of the 
expenfe will be faved, and much time gained. The blocks 
are cleared, and again returned by the following procefs. A 
fuflicient number of fliorcs arc placed under the Q\ip to fuftam 
her w'ciglit, and fet taught, llationed as near the keel as 
the working of the ballcring-rams fore and aft will admit. 

Avoid placing any oppofilc the blocks, as iht*} would in that InftruCbont. 
cafe hinder (he retain of the wedges with the battering-rams, 

A blow muft then be given forward on the outer end of the 
iron wedges willi the battering-rams in a fore and aft direc- 
tion* which will caufe them to flide aft, as (hown in (he plan. • 

The battering rams abaft (hen return the blow, and the 
wedges again come forward ; by the repetition of this opera- 
tion, the wedges will be with great eafe cleared, and the 
aiTguIar Week on the top will drop down. When (he work 
is performed, the block mud be replaced under the keel, 
anti the wedges driven bacl^ by working the rams alhwart- 
fhips^ as deferibed in tb^ fedlion. 
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N. B. In returning the iron wedges, lo avoid /Traiiiing (lid 
angular blocks, it is propofed to leave a fei^ of them out 
forward and aft, and Oop (he ftiip up, hy laying one iron 
wedge on the other, as ihown at Pig. I, Plate XI. 

To facilitate the bufinefs, blocks mOy be cleared forward 
and aft at the fame time, fufficient to get in place one length 
of talle keel. If the falfe keel (hould want repairing, it may 
be done without any additional ihores, by cleafing one block 
ala time, and when the keel is repaired in the wake of (hat 
block, return tiie wedges, ns above .dtr^^cd, and clear the 
next, &c. 

SeBitm and Plan, Plait XI, Fig* 2, 

Pjrts of the Kcelfon. 

fcaioi.a..dpbn 

C. Floor timber. 

1). Dead or rifing wood.^ 

* E. Plank of the bottom. 

F. Keel and falfe keel. 

G. Angular blocks with a half-inch iron-plate boiled to tbOt)0^« 

H. Cad-iron wedges. 

I. Iron plate of three-fourths of an inch thick on the bottom 
of the dock. 

K. Battering-rams, with wheels, and ropes for the hands. 

E. Cad-iron wedges, having received a blow from forward, 
M. Shores under the diip to fuflain lier weight. 

Figm 3, reprefents part of a top-gallant mad fitted with a 
wedge fid, 

A. Top-gallant mad. 

b. Fid, with one horizontal wedge worked on it. 
c\ Moveable wedge, with the iion flrap and pin over if, to 
keep it in its dluation. '* 
d. TrulFel trees. 
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On mufcular Moiicn, Ak^hony Carlisle, Ejq. F. /?. S, 

being the Croc/nim LeFturet read before the Royal Society, 

November IBOK 

'•i 

j/\.NlMAL ph^liology has derived fevcral jlliiftrations and 
additioxls, frbm the inftilution of this le61ure on tnufrniur 
motion ; and the detaiht oF anatomical knowledge have been 
confiderably aagmenteth by deferiptions of mufcular parts 
before unknown. • 

Still, boVveverj many of the phenomena of miifcles remain 
unexplained, nor is it to be expected that any ludden infulat* 
ed difeovery (hall folve fuch a variety of complicated appear- 
ances. 

Mufcular motion is the fir/f fenfible operation of animal 
life : the various combinations of it fufiain and c arry on the 
multiplied fun6tions of the largefl animals : the temporary 
ceflation of this motive faculty is the fufpenfion of the living 
powers, its total qulcfcence is death. 

By the continuance of patient, well directed refearches, it is 
rcafonable to expcdl much important evidence on this fubjcfl 
and, from the improved (late of collateral branches of know* 
ledge, together with the addition of new fburces, and methods 
of invefligation, it may not be unreafonable to hope for an 
ultimate folution of thefc phenomena, no lefs complete, 
and confident, than that oi any other dedderatum in pbyilcal 
fcience. 

The prcTcnt attempt to forward fuch dcfigns is limited to 
circum dances which areconnefled with mufcular motion, con- 
fidered as caufes, or rather as a leries of events, all of which 
contribute, raore^or lef-«, as convcuiiencies, or clTenlial requi- 
fites, to the phenomena; the details of mufcular applications 
being diftincl from the obje6fs of (his lecture. 

No fatisfadtory explanation has yet been given of the date 
or changes which obtain in mufcles during their contractions 
or relaxations, neither are (heir correfponding conncflions 
with the vafcular, refpiratory, and nervous fyftems, fudicientJy 
traced. Thefe fubjccts are therefore Open lor the prefent en- 
quiry, and, although I may totally fail in this attempt to elu- 
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cidate any one of the fubjefls propofed, neverllielefs I fliall 
not efteem my labour oreiefsi or Ihe time of the Royal Society 
altogether unprofilably coiifurned, if I fucceed in pointing out 
the way to the future altaininent of knowledge lo deeply in* 
terefting to mankind. 

The mufcular parts of animals are mod frequently com- 
pofed of many liibftances, in addition to thofe which are purely 
mufcular. In this grols date, they conditute a flexible, com- 
prefliblc folld, whofe texture is generally fibrou^i the fibres 
being compared into falciculi^ or bundles of various thicknefs. 
Thele fibres are eladic during the contra^ed date of mufcles 
after deal!), being capable of extenlion to more than one-fifth 
of Iheir length, and of returning again lo their former date of 
contradion. 

This cladicity, however, appears to belong to the enveloping 
reticular or cellular membrane, and it may be fafely aflfumed 
that the intrinfic matter of inufcle is not elaflic. 

The attraction of coh< fion, in the parts of mufcle, is ftrongefl 
In the diredion of the fibres, it being double that of the con- 
trary, or tranlVerfe cliredion. 

•When mulcles are capable of reiterated conlradions and 
relaxations, they are laid to be alive, or to potTefs irritability. 
This quality fits the organ for its fundions. Irritability will be 
conlidered, throughout the prefent Icdure, as a quality only. 

When niufcles have ceafed to be irritable, their cohefive 
attpadion in the diredion of their fibres is diminidied, but it 
remains unaltered in the tranlVerfe diredion. 

The hinder limbs of a frog attached to Ihe pelvis being 
dripped of (he jkin, one ol them was irameifcd in w'ater at 
of Fahrenheit, during two minutes, when it ceafed to 
be irritable. The thigh bones were broken in the middle, 
witiiout injuring the mutcles, and a fcalc a.Iixed to the ancle 
of each limb: a (ape pafled between the thighs was employed 
lo fufpend the apparatus. Weights were gradually introduced 
into each fcale, until, with five pounds avoirdupois, the dead 
thigh was ruptured acrofs Ihe flelliy bellies of its mulcles. 

The. irritable thigh ludained fix pounds w'eight avoirdupois, 
and was ruptured in the fame manner. This experiment w^as 
repiCjiMltd on other frogs, where one limb had been killed oy a 
^tcry folution of opium, and on 7nother where eflential oil 

of 
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uf cherry laurel * was employed: in each experimeni, the 
irriiablci^imb rdflaihed a weight one-fixih heavier than the 
dead limb. 

It may be rem^ked, in coAfirmaLion of Ibefe experiments. The fnmp iloc- 
that \^hen mufcles aiS more powerfullvt or more rapidly, than ^ 

is equal to the ftrength of the fuflaining parts, they do not fubjeft, 
ufually rupture their fleAiy fibres, but break their tendons, or 
even an intervening bone, as in the infiances of ruptured tendo 
achillis, and fru£tiircd pjatella. InfianceS have however oc- 
curred, wherein the fi/^iy bellies of mufcles have been 
lacerated by fpal'modi^ adlions ; as in tetanus tlie redti abdo« 
minis have been tom afunder, and the gastrocnemii in cramps ; 
but in Ihofe examples it feetns that either the antagonifis pro- 
duce the elfedl, or the over-excited parts tear tlie Icfs excited 
in the fame nuifcle. From whence it may be inferred, that (he 
attradlion of cohefion in the matter of mufcle is confiderably 
greater during the ad of contrading, than <luring the pafiive 
fiate of tone, or irritable quielcence, a fad which has been 
always aflumed by anatornifis from the dcaerminate forces 
which mufcles exert. 

The mufcular parts of different claflei of animals vary in Diflerence* 

colour and texturCf and not unfrequently thole variations occur m 

... . I the colour, ter-. 

Ill the tame individual. ture, &c. of 

The mufcles of fillies and vermes are often colourlefs, wuftular parw. 
thofe of tjie mammalia and birds being always red: the am- 
phibia, the accipenfer, and fqualus genera, have frequently 
both red and colourlefs mufcles in the fame animal. 

Some birds, as the black game +, have the external pedoral 
mutcles of a deep red colour, whilft the interna) are pale. 

In texture, the fafciculi vary in thick neN, and the reticular 
membrane is m fome parts coarfe, and in others delicate : the 
heart is always oDmpaded together by a delicate reticular 
membrane, ^nd the external glutaei by a coarfer fpecies. 

An example of the origin of mufcle is prefented in the Origin of mufJe 
hiftory of the incubated egg, but whether the rudiments oi j?nnlaum (aliens 
the pundum faliei^s be part of the ctcatricula organifed by the 
parent, or a^rudure reiulting from the firfi prcKefs of incu- 
bation, may be doubtful : the little evidence to be obtained on 
Ibis ^oint feems in favour of, the former opinion ; a regular 
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confirmation of which would improve the knowledge of animal 
generation by (hewing that it is gemmiferous: There <ire fuf- 
ficienl analogies of this kind in naturCi if reafoiiing from 
analogies were proper for (he prefent occali^n. 

The pun£lum faltens, during its firll aflions, is not encom^ 
paflTed by any fibres difcoverable with .microfeopes, anid the 
vafcular fyftem is not then evolved, the blood flowing for* 
wards and backwardsi in the fame vefTels, The commence* 
menf of life in animals of complex ftrndure is, from the 
preceding fa6l| like the ultimate oj^anization of the fimpler 
clafres. 

It is obvious that the mufcles of bir^s arc formed out of the 
albumen ovi, the vilellus, and the atmofpheric air, aded upon 
by a certain temperature. The albumen of a bird's egg Is 
wholly confumed during incubation, and the vilellus little di 
miniflied, proving that the albumen contains the principal 
elementary materials of the animal thus generated ; and it 
follows that the mufcular parts, which condilute the greater 
proportion of fuch animals when hatched, arc made out of the 
albumen, a fmall portion of the vilellus, and certain elements^ 
or fmall quantities of the whole compound of the atmofpbere. 

The mufclcs of birds are not different, in any refped, from 
thofe of (juadrupeds of the clafs of mammalia. 

The anatomical druclure of mufcular fibres is generally 
complex, as fliofe fibres are conneded with membiane, blood- 
velfels, nerves, and lyinphacduds ; which icem to be only 
appendages of convenience to IhecfTential matter of mufcle. 

A mufcular fibre, duly prepared by wafhing away the ad- 
hering extraneous fubflances, and expofed to view in a power- 
ful microfeope, is undoubtedly a folid cylinder, the covering 
of which is reticular membrane, and the contained part a pulpy 
fiibftance irregularly granulated, and of I^tle cohefive power 
when dead. 

A diflicully has often fubflded among anatomlfls concerning 
the ultimate fibres of mufcles ; and, becaufe of their tenuity, 
(bme perfons have confidcred (hem infinitely divifible, a 
pofitlon w'hich may be conlnididecl at any by an hour's 
labour at the niicrofeopc. 

The arteries arboreice copioufly upon the reticular coal of 
the mufcular fibre, and in warm-blooded animals (hefe veffeU 


are 
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afe of capacity to admit the red particles of blood, 

but tliKnitrinric matter of mufcle, contained within the ultimate 
cylinder, ha^>m red particles. 

The arteries \f muicles anaflomofc with correfponding 
veins ; but this courfe of a continuous canal cannot be fup- 
pofed to a^l in a direS'manner upon the mailer of mufcle. ► 

The capillary arteries terminating in the mufcular fibre 
mufl alone all the changes of increafe in the bulk, or 
Number, of fibres, in tlie«replenifliment of exhaufled materials, 
and in the repair of injuites; feme of tJiefe neceffities may be 
fuppofed to be continitally operating. It is well known, that 
the circulation of the blood is not elfential to mufcular adion ; 
fo that the mode of dillribution of the blood velfels, and the 
ditferences in their fize, or number, as applied to muicles, can 
only be adaptations to fome fpccial convenience. 

Another prevalent opinion among anatomies, the infinite V.«rcul.irity » 
extenfion of vafcularily, which is conlradided in a 
manner by comparative refearches. The teveral parts of a limited, 
quadruped arc fenfibly more or Icfs vafcular, and of different 
contextures; and, admitting that the varied diameter of the 
blood veffels difpofed in each fpecics of fubflancc, were to be 
conftiluteH by the grofs feniible differences of their larger 
vellels only, yet, if the ultimate veilels were in all cafes 
equally numerous, then the foie remaining caufe of diflimi- 
larity would be in the compading of the veffels. The vafa 
vaforurn of the larger trunks furniH) no reafon, excepting that 
of a loofe analogy, fur the fuppofitiun of vafa vaforurn ex- 
tended without limits. Moreover, the circulating fluids of all 
animals are com pofed of water, wdiich gives them fluidity, and 
of animalized particles of delined configuration and bulk ; it 
fullov/s that the veffels through which fuch fluids are to pafs, 
muff be of fufficieflt capacity for lize of the particles, and 
that fmailer veffels could only filtrate water devoid of fuch 
animal particles : a pofition repugnant to all the known fadls 
of the circulation of blood, and the animal economy. 

The capillary arteries which terminate in the mufcular fibre. Capillary arteries, 
mail be feerdtory veffels for depoftiing the mufcular nutter, 
the lymphaeduds ferving to remove the fiiperfluous exlrava- 
fatedf watery fluids, and the decayed fubflanccs which arc 
unfit for ufe. « 
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The lymplixdudls are not fo numerous as blood 
and cerlahily do pot extend to every mufcular they 

appear to receive their coulained fluWs from inlerfiiciai 
I’paces formed by the relicuiar or cellular/jocmbrane, and 
not irum lite projeding open ends of tuhes^ as is genojalJy 
rejircfented. This mode of receiving liuids out of a cellular 
(^ru£lure« and conveying them into cylindrical veliels, is ex* 
etnplihed in the corpora, cavernofa^ and. corpus fpongiofum 
penis^ where arterial blood is poured* into cellular or reticular 
cavities, and from thence it pafl'es into common veins by the 
gradual coarclation of the cellular canals. 

In the common green turtle, the )a6leal veiTcls univerfally 
arife from the loule cellular membrane, iiluated between the 
internal Ipongy coat of the inteftincs and the mufcular coat. 
The cellular llruclure may be filled from tire la^leals, or (he 
Jadteals from the cellular cavities. When mjeding the fniallcr 
branches of the iymphsedu^s retrograde in an oedematous 
human leg, I law, very difiin6tly, three orifices of thefc veHeU 
terminating in (he angles, of the cells, into which the quick*' 
filver trickled. The preparation is preferved, and a drawing of 
the appearance made at the time* It wasalfo proved, by many 
experimentK, that neither the lymphoedu^s, nor file veins, 
have any valves in their minute branches. 

The nerves of voluntary mulcles feparate from the fame 
bundles. of fibrils with the nerves which are difiributcd in the 
tkin, and other parts, for feiifation ; but a greater proportion 
of nerve is appropriated to the voluntary mufcles, than to any 
other fubfiances, (he organs of the fcnles excepted. 

The nerves of volition all arife from the parts formed by 
the jundlioii of the two great mafies of the brain, called the 
Cerebrum and Cerebellum, and from the extenfion of that 
fubfiance throughout the^ canal of the vertebrae. Another 
clafs of mufcles^ which are not fubjeft to the will, are fupplted 
by peculiar nerves; they are much fmaller, in proportion la 
the bulk of the parts on which they are diilributed, than thofe 
of the voluntary mufcles; they contain «Ic!‘s of the white 
opaque medullary fubfiance than the other iierthcs, und unite 
their fibrils, forming numerous anafioinofes with all other 
nerves of the body^ excepting ihofe appropriated to the ofgana 
of the fenfes. Tliere are enlargeofienls at feveral of ihefe 
^ junflions, 
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tailed Ganglion.^, and which are compofed of a fefsCangiions. 
proporrNo,^ the medullary fubftance^ and their texture is 
firmer than tna^f ordinary nerves. 

The terminal ^remities of nerves have been ufually con- The extremities 

fidered of unlimited extt^ifion ; by accurate difiedion 

• ■ . . ^ ... f ^ t ^1 •. fiaiu in their 

ever, and the aid of magnifying gtafles, the extreme nhnU oftcmimation, 

nerves are ealily traced as far* as their fenfiMe properties, and 

their continuity extends. The fibrils ceafe to be fubdivided 

whilft perfectly vifible lb the naked eye, in the voluntary 

mufcles of large animals^ and the fpaces they occupy upon 

i'uperficies where they feem to end, leave a fcmarkable excefs 

of parts unoccupied by Ihofc fibrils. The extreme fibrils of 

neeves lofe their opacity, the medullary fubfiance appears foft 

and tranfparent, the ehvclopifig membrane becomes pellucid, 

atid the whole fibril is defiifute of the tenacity nccCfTary to 

preferve its own dtAin^tnefs ; it feems to be diffufed and 

mingled with the fubfiances in which it cr)ds. Thus the ultiJf 

mate terminations of nerves for volition, and ordinary fenfation, 

appear to be in the reticular membrane, the common covering 

of all the diHerent fubfiances in animal body,' and the con- 

neding medium of all diffimilar parts. 

By this fimpie difpofition, the meduHary fubflance of nervel>iff''^Conof ncr. 
is fpread through all organized, fenfible, or motive parts, matter, 
forming a continuity which is probably the occafiOft of fym- 
pathy. Peculiar nerves, fuch as the firft and fccond pairs, 
and tlie portio mollis of the feventh, terminate in an expanfe 
of medullary fiibfiance which combines with other parts and 
membranes, ftill keeping the fenfible excefs of the peculiar 
medullary matter. 

The peculiar fubflance of nerves mufi in lime become inef-Reftotafion or 
ficient; and, as it is liable to injuries, the powers of reftoration,*^®^*^ uei»ci. 
and repair, are exfended to that material. The re-union of 
nerves after their divifion, and the reprodudion after part of a 
nerve has been cut aWay, have been eftablifhed by dccifive 
experiments. Whether there is any new medullary fubfiance 
employed to fill up* the break, and, if fo, w^beiher the new 
fubfiance be generated at the part, or protruded along the 
nervous fbeca from the brain, are points undetermined ; the 
hifiory of the formation of a fertus, the ftrudlure of certain 
monfters, and the organizaffon of fimpic animals, •^all feem to 
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iavour the probability, that the medullary ms^ier of neryes ii 
formed at the parts where it is required, and not iiv»^h'e prin- 
cipal feat of the cerebral medulla. 

Whether the This do6lrine, clearly efiablifttedi woul^fead to the belief 
be^not exten-'^^ ^ extended commixture of Ibisjpeculiar mailer ‘in all 
fjveiy mixei in the fenfible and irritable j»arts of animals^ leaving the nerves 
aliiiiiublc parts, iinjir limited dii|ribuiion, the (imple ofhee of conveying iiii- 
prelTions from the two fenlient matTes with which their ex- 
tremities are conne^ed* The moft Ample animals in whom 
no vilible appearances of brain or nerves are to be found, and 
no fibrous arrangement of mufcles, may be conAdered^of this 
defcnplion: Mr. John Hunter appeared to have had fomc 
incomplete notions upon this fubjed, which may be gathered 
from ins rcprcfentaliaii of a materia vilCE in hisTrealife on the 
Ulood, &c. Perhaps it would be more proper to diAinguiAi 
the peculiar matter of mufcle by Tome fpeciAc term, fuch, for 
example, as materia coiUra6liIis, 


Peculiar adapts. A particular adaptation for the nerves which fupply the 
nerves of cledric batteries of the torpedo, and gymnotus, is obfervabie 

animals. on the cxit ol each from the Acull ; over which -there is a Arm 
cartilage acting as a yoke, with a mufcle affixed to it, for the 
obvious purpofe of compreffion; fo that a voluntary mufcle 
probably governs the operations of the battery. 

The matter of the nerves, and brain, is very Amilar in all 
the diAerent daffies of animals. 

The external configuration of animals is not more varied 
than their internal Aru^ture. 

Configuration The bulk of an animal, the limitation of its cxiAence, the 
?hc medium in which it lives, and the habits it is deftined to 

ciaffcs of ani- purfiie, are each, and all of them, fo many indications of the 
complexity or limplicity of their internal Arudure. It is 
notorious that the mimber.of organs, and or members, is varied 
in all the different daffies of animals; the valcular and nervous 
fyAems, the refpiralory, and digcAive organs, the parts for 
procreation, and the inAru men tsof motion, are feverally varied. 
Very fimpie ani- and adapted to the condition of the fpecies;> This modiAcalion 
d anatomical Aru£lure is extended in the fowelt tribes of ani* 
inals, until the body appears to be one homogeiteous AibAance, 
The cavity for receiving the food is indiffierenlly the infernal, 
or external J|;ai lace, for ,they may^ibe inverted, and Aill con- 
tinue 



/ ON MUSCULAR MOTION. 


m 


to digefj food ’; the Hmbs or tantacula may be cut olT, 
and be regenerated without apparent inconvenience 

to the inclivii5^j;al ; the whole animal is equally fenfible, equally 
irritable, equall^live: its procreation is gemmifernus. Every 
part is pervaded nutritious juices, every part is a^ed 

upon by the refpiratory influence, every part is equally eapa- ' 
bic of motion^ and of altering its figure in alj direflions, 
whilft neither btood-velfels, nerves, nor mufcular fibres, are 
difcoverable by any of the modes of inveftigatjon hitherto 
infiiUited. * 

From this abfirai^ Animal (if fuch a term may be admitted) 
up to the human iiame, the variety of acceflbr) parts, and <>l js' evident. '*^^***” 
organs by which a complicated machinery is operatcjd, exhibit 
infinite marks of defign, and of accommodations to the pur- 
pofes which fix the order of nature. 

In the more complicated animals, there arc pnrts adapted men* 

r . . . 1 . , t • - I . I ccjinnlicatcd ;mi* 

for trivial c^onvcnienccfs, much or their materials not bcirtg mau, much of 
alive, and the entire offices of fome liable to be dirpenfed materiate 
^ith. The water transfufed throughout the interfticial fpaces*^^® *'^'^** 
of the animal fabric, the combinations witir lime in bones, 

(liells, and teeth ; the horns, hoofs, fpines, hairs, feathers, 
and cuticular coverings, are all of them, or the principal 
parts of their fubflance, extra-vafcular, infenfible, and un- 
alterable by the animal fundtions after they are completed. I 
have formed an opinion, gr*)unded on cxtonfive ohlervaiion, 
that many more pans of animal bodies may be conficlered 
as inanimate fubriances ; even the reticular membrane itfelf 
Icems to be of I his clafs, and tendons, which may be the con- 
denfed fiate of it ; but Ihefe particulars are foreign to the 
prefent occafitm. 

The dcdticlion now to be made, and applied to the hiftory animated 

of mufcular m(>li<fn, is, that animaiir'd matter may beconnedted "f.nn^acU ^ !th 
with inanimate; this is exemplified in the adhefions of tlu inanimnc. 
inufcles of multi-valve, and bi-valve fliell fifh, to the iiir 
organic fliell, the cancer Bernhardus to the dead fhells of 
other animals, ahd in the tranfplantalion of teeth, of 

which, allhough'^fomewhat contrary to received opinion, 
have certainly no degree of valcularity, or vital conneflion 
witfi the inhabitant ; (hefe (hdls being liable to tranfudations 
of cupreous falls and other poifonous fubfianfes, wbilfl the 
animal remains uninjured. A variety of proofs «to tt^| fame 

i gfe-a 
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c/Te^l might be adduced* but it would be dirrefpcciruX to 
to this learned body to urge any farther illuftrations on sh^bji.ct 
fo obvious, ^ 

PivlAon of the 'f he effects of fubdiviiion, or comminuliWof parts among 

wal cleftroysthe thc complicated Organized bodies, is an|j^ that of mineral 
conformation^ bodies: in the latter mftance, the euUrefproperties of the fub- 
(lance are retained, however extenfive the fubdivifion ; in the 
former fubffances, the comminution of parts deffroys the 
enbntial texture and compodtion, by feparating the grofs 
arrangements of ffrudture upon whicli^ their fpecilic properties 
hut lefa the more depend. From ffmilar caufes Hfeemstto arife, that animals 
Ample the are neccflarily of fimple ftruclure: (ize alone 

is- not, however, thc foie caufe of their ffmple organization, 
becaufe examples are (ufEciently numerous wherein the animal 
attains contiderable bulk, and is of ffmple ftrufliire, and zfw 
verjd j but, in tlie former, the medium in which they live, and 
the habits they alTuine, arc fuch as do not require extenffve 
y appendages, whiltl the fmaller complex animals arc deilined ta 

more difficult, and, more active exertions. It may be alTumed 
however, as an iin^rrable pofition, that the minuted animaia 
are all of ilmplc organization. 

Life may on i Upop a fmall fcale, life may be carried on with fimple mat 
fujfportci'^v^th ***^^**^^^; the management, and provifionsfor bulky animals^ 
Ample materials ; with numerous limbs, and variety of organs, and appendages 
bulky animals of convenience, arc not cffedled by ffmple apparatus ; thus, tiie 
fkelelon which gives a determinate figure to the fpecies, fup- 
, ports its fofl parts, and admits of a geometrical motion, is 

Thus large ani- placed interiorly, where the bulk of the animal admits of the 
bonL^witll'm *^ bones being fufficiently flrong, and yet light enough for ihe 
themt fmaller moving powers ; but the flieleton is placed externally, where 
have them with- reduced beiow a certain magnitude, or where the 

movements of the animal pj’e not to be of the floating kiiul : in 
which lad cafe the bulk is not an ablblute caufe. Tlie examples 
of teffaceous vermes, and coleopterous, as well as mod other 
infeiSls, are univerfally knowm 

Cryffallinc of The opinion of the mofcularity of the cry^alline lens of (be 
eye, fo ingeniou fly urged by a learned member of this Society, 
h probably well founded; as the arrangement of radiating lines 
of the matter of mufcle, from the centre to the circumference 
pf the lens, tbefe compacted in^o angular maiTcs, would 
produa'. fpeciffi; alterations in its figure, 

/ This 
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XIjns rnpid ^etch of tiie hiftory of mufcular flruAore lias ' 

f)eon WT4(jjide(l befcure the Royal Society to inlrodoce the prin- 
cipal expeniA^snts, and reafonings which are to follow : they 
are not orderecmith fo much exa^nefs as becomes a more 
deliberate eflay^ bolUhe intention already dated, and the limits 
of a leflure are ofFer^ as the apology. » 

Temperature has an edential influence over the aftions of Temperature of 
mu fries, but it is not neceflary that the fame temperature 
fhouid fubfid in all mufeles during their a£lions; neither is it 
efienlial that all the mufbular phrts of the fame animal diould 
be of uniforni lempcfaturos 'Jor the duo performance of the 
motive fundlions. 

It appears that all the clades of animah are endow^ed with All animals do 
fome power of producing thermomctrical heat, lince it has 
been fo edabiifhed in (he amphibia^ pices, vermes, and infe6ta, 
by Mr. John Hunter; a fa6l which has been verified to my 
own experience ; the term cold-blooded” is therefore only 
relative. The ratio of this power is not, however, in Ibcfe 
examples, fufiicient to prefer ve their equable temperature in 
cold elfinates, fo that they yield to the. changes of the al-but are alfoif- 
mofpherc, or the medium in which they refide, and mod ofj^afc'omniunlo- 
them become torpid, approaching to the degree of freezing tion. 
water, Kven the mammalia, and aves, poffefs only a power 
of refifting certain limited degrees of cold ; and their furfaces, 
as wellms (heir limbs, being didant from the heart, and prin- 
cipal blood- v^ctFeis, the mufcular parts fo lituated are fubjefl: 
toconficlerablc variations in thbir temperature, the influence of 
whicli is known. 


In thole clafle.s of animals w^hichbave little power of gene- The colder anl« 
rating heat, there are remarkable differences in the ftru&ure ”'**** 
of their lungs, and in the compofliion of their bloody from the 
mammalia and afes. • 

Refpiration is one of the known caufes which influences ihc Rcfplration : its 
temperatures of animals: where thefe organs «re extenfive, 
the refpiralions are pcribrmed at regular intervale, and are not pciacure ; 
governed by the Will, the whole mafs of blood being expofed 
to the atm(^ph^ in each circulalion. In all fuch animals 
living without the tropics, their temperature ranges above the 
ordinary ffeat of the atmofphere, their blood contains more of 
the red particles than jn*lhe other claflfes, ant^elr mufcular 
irritability ceafes more rapidly after violent d(^h« 


The 
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ai(d in the cold* Xbe rerpirationsof theaniroalsdenominated cold-blooded 
blooded . effeded differently from tbofe of high teropersrtiu'e ; in 

fome of them, ait the amphibia of Linnaeus, t}>‘"‘^Jngs receive 
airaofpheric air, which is arbitrarily retained large cells, and 
not alternately, and frequently changed.^i'be fifties, and the 
teftaceous vermes, have lungs which ‘expofe their blood to 
water, but whether the water alone, or the atmofpheric air 
mingled with it . furniffi the changes in the pulmonary blood, 
is not known. « ‘ 

in infeds. In mofi of the genera of Infeds, the lungs are oborefeent 

tubes containing air, which, by 'tbefe channels, is carried to 
every va/cular part of the body. Some of the vermes of the 
fimpler conilrudinn have no appearance of diftind organs, but 
the refjiiratory influence is neverthelefs eflential to their ex- 
iflence, and it feems to be effeded on the furlace of the whole 
body. 

In all the colder animals, the blood contains a fmaller pro- 
portion of the red colouring particles than in the mammalia, 
and aves ; the red blood is limited to certain portions of the 
body, and many animals have none of the red particles. 
Hxpcnmrnt*. "The following animals were put into feparate glafs veftels. 
Cold blooded each billed with a pound weight of diftilled water, previoufly 
clude^MiT^^^t boiled to expel the air, and the veftels inverted into quickfilver; 
ovci mercury riz, one gold fifti, one frog, two leeches, and one frefti-water 
^ftcr tome da Tiicfe animals were confined for feveral days, and 

nog^swaser expofcd in the fun in the day-time, during the month ot 
w^ic* the temperature being from 43® to but no air 

bubbles were produced in the vcnfels, nor any lenfible dimi- 
nution of the water. The frog died on the third day, the filh 
on the fifth, the leeches' on the eighth, and the frofh-water 
mufcle on the thirteenth. This unruccefsfu! experiment was 
made with the hope of afcertaining the chu'iges produced in 
water by the refpiration of aquatic animals, but the water had 
not undergone any chemical alteration. 

Hybcrnatlng Animals of the clafs mammalia which hybernate, and become 
un'de* Winter, have at all times a peswer of fubfifting 

rcfpiraiion. uiider a Confined refpiration, which would. Jefifoy other ani- 
mals not having this peculiar habit. In all the hybernating 
Prciiliirhy of mammalia there is a peculiar (.!ru£lure of the hea^'t, and its 
hcarfanViu *** veiiisj the fuperior cava divides into two trunks; 

vviiis. the lef^t paftim over the left auricle of the heart, opens into 

* * Mytilm Anatinus, 
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ileriot part of the right auricle, near to the entrance of 
the cava ^llferior. The vein* ufually called azjgw, 

accuinulatcriu^\lwo trunks, which open each into the brwch 
of the vena cava l^jperior, on it* own fide of the thorax. The 
intereofial arteries veins in thefe animals are unufually 

'"SbWbe of 

bodies into the form of a ball during ordinary fleep, and iney aecompanjr 

invariably alfume the fame attitude when in the torpid Hate : the torpaft.te, 

the limbs are all folded ielo the hollow made by the bending 

of the body ; the clavicles, «etf’firft ribs, and the fternum, are 

prefled againft the fore part of the neck, fo as to interrupt the 

flow of blood which fupplies the head, and to comprefs the 

trachea: tlie abdominal vifeera. and the hinder Jiinbs ate 

puflied againft the diaphragm. Co as to interrupt its motions, 

and to impede the flow of blood through the large voflels 

which penetrate it. and the longitudinal extenlionof the cavity 

of the thorax is entirely cbftruacd. Thus a confined circu. 

lation of the blood- is t arried on through the heart, probably 

adapted to the laft weak adions of life, and to its gradual 

This diminifhed refpiration is the firfl ilep into the «»te of 
torpidity; a deep fleep accompanies it; refpiration then ceales commences an4 
altouelher: the animal temperature is totally deflroyed, cold- U sfrerwants 
refs and infenfibility take place, and finally the heart concludes ' * 

its motions, and the mnfejes ccai'e to be irritable. It is worthy 
of remaik tliat a confined air, and a confined refpiration, ever 
precede theli: phenomena ; llie animal retires from the open 
atmofphere, his mouth and noftril.s are brought into conlaft 
with his cheft, and enveloped in lur ; the limbs become rigid, 
but the blood never coagulates during llie dorraant ftate. On 
being rouled, the animal yawns, the refpiralions are fluttering, 
the heart ads flowly and irregularly, he begins to ftretch out 
his limbs, and proceeds in queft of fpud. During this dor- 
mancy, the animal may be. frogen, vyitliout the dcftrudion 
of the mufcular itritabiUty, and this always happens to the 
garden fnail*>{ auito the chryfalides of many tnfeds during 
ihe wiijter of this climate. 

C The conclufim f » our next.) 
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VilL 

Dejcription of a Bioring Tube, in gaieral Uifin America; bat 
Ufi known m tlds Countm^ 

Fig. 2. Tlatt X, exhibits a very fimple and ingenious borer, 
confidiHg df the common center ^It bf tlie carpenters followed 
by a wide flat thread ferew, hammered up from a plate of iron 
or fieel. It is fald tliat they are nfeif to bore holes foveral feet 
in length, and the peculiar pr^erly pofTcirt-d by this inftru- 
ment is, that it clears the cutting wuhoijt requiring to be drawn 
out, as is the Ciife w'itb the augur, the glmblet, and other (imi- 
lar looLs. I do not, how^ever, think that it would have this 
cfTe^ in boring perpendicularly down to confiderable depths; 
h^t for horizontal or flightly inclined holes, itseffedl muft fully 
anfwer. 

It may not at fifft occur to the reader wliy the introdu6lion 
of this tool into a hole which mud contain the wood that ibr- 
fnerly blocked it opf fliould not be attended with fome degree 
of impediment or Jamming; but this dithculty will vanifh^ 
when it is confidcred that the cuttings are, partly by their 
weight, and partly by fri6lion againd the internal cylindrical 
furfacc, prevented from revolving along with the ferew-. 
The confequence is that they are preflTed againft its thread, 
and Aide along it towards the handle. And as this motion or 
(hiding of the thread is quicker than the motion of boring, by 
which the whole tool is carried inwards, the cuttings mud 
come out with a velocity nearly equal to the diflerence of ihefe 
tw’o motions. 


‘IX. 

Geographical and Topographical Improvements, By John 
Churchman, M, Imp*' dead, of Sciences, Feterf 
burgh,* • 

It appears to be ama^er of mUch importance to the people 
of. any country^ a^i all times, ytbelher in war or peace, tA pof- 

* From thS^ranf. of the Spc. of Arts for 1801, who voted the 
{f *1 filver medal to him for the fame. 

^ • lefs 
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I’cG; omplete knowledge of its furface# In war, fuch know- 
ledge ikxaj^folutely necelTary for defence; in peace, for im- 
proving the to the bed advantage# 

Now, fince ge\jgraphy may be improved, an eafy and ac* Urility of acor- 
curatek method to ii«v down maps ol mountainous countries 
and hilly edatcs, will ^rhap 9 prove ufeful, as it will fliow at J 
a Tingle view the true fliape and comparative height of the 
ground without the art of painting. 

As mountains are apt JLO eclipfe each other, a perfpeAive Mountains can- 
view is feldom very extenfive, the rules of which fall foort 
of giving an accurate i(iea of any hilly country; becaufe fuch fpeAivc. 
a view, though ftridly true in one particular place, is not fo 
in any other. 'J'hc altitudes of mountains appear in proportion 
to the diftance from the eye, and no rule in geometry Jias been 
found fulheient to determine didances from any fiiigle dation. 

Neither can a bird’s-eye view of an eftalc aibeitain the depth 
of valleys or the height of mountains. But the method hero 
propofed will be found equally capable of giving the true foape 
of any ground above oj below water. It may be fuccefsfully 
applied to Tea charts, and will prevent much confofion, arifing 
from the tedious method of diftinguiftiing foundings by a mul- 
titude ol figures. 


Explanation, 

Suppofe a full defeription is required of any ifland in the New methad^ 
ocean. Firft, let an accurate map be laid down in the ® 

11 I !• 1 1 • 1 1 1 ■ ' . P**”- 

inon way; and let the perpendicular height between the high- Mai k the point 

eft point of land and the ocean be divided into any number of^*^ highcftclc- 

rqual parts. Suppofe thefe equal divilions are 100, 200, 300, points differing 

400 feet above the low-waler mark. From the different in elevation by 

points of thefe feveral divifions, let horizontal lines be 

with a good theodolite, and fpirit, level annexed, all round the theodolite 

the iftand. If the work is well done, each line will end where and >cvei from 

tlicic pojntfl j tn 

it began; and if the bearings and diuances of thefe fevcral which if the 
lines are truly laid down bn)lhe map, die crooked courfes of 
ihcra will clearly fl^ow the fhape of the ground over which they terminate, 
pafs. For examjjfr: if any horizontal line paffes by the fide 
of a ftcep hffi, it will incline towards the ocean, or approach ^ew^thT^gure 
the r&xt horizontal line below il. When the lame line erodes of the country, 
a ftream of running watei* or a valley, it will ^urallv bend 
up the fide of (he faid ftream, until it cauorofs i^’UbSuc lofing 

' the 
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Trigonometrical 
rule for the de- 
clivities* 


Advantages 5 


—•to military 
rncO) 


•—and fordomef* 
tic and econo- 
mical purpol'es* 


—to direjl agri' 
cultarai improve 
inentSf 


the level ; nr, in other words, it will bend towards t ho centre 
of the ifland. Hence, by a little practice, the Jl^ap'e of the 
feveral horizontal lines on the map will give/ffclear an idea to 
the mind, of the ftiape of any country o^r which they pafs, 
os a fight of the country itfelf can comply to the eye. But to 
obtain a mathematical and true knowledge of the altitude and 
declivity of any part of the country, w'e have the follow ing 
propofition : 

As the perpendicular height of any one horizontal line above 
another is to the radius: fo is tiie iKirizontal difiance between 
the horizontal lines meafured on tFoniapat any particular 
place : to the oo-tangf'nt of declivity at that place. 

-If the horizontal difianee between any twohorlzonr 
tal lines on the map is equal to the perpendicular height of 
any horizontal line above another, the angle of altitude, or 
declivity, of any hill will be 4-5 degrees. 

The prefent improvement, which 1 believe to be entirely 
new, will be found to poflTefs the follow'ing arivantages : 

ifi. Military men are well acquai^ed with the many ad- 
vantages always to be gained from the cxa61 reprefentalion of 
high grounds. By this method, we are able to give the angle 
of altitude, the angle of declivity, and perpendicular height 
of every hill; iikewife the comparative height ofdiffcient 
hills, thebefi route by which the high grounds may be gradu- 
ally afeended, and where heavy burthens can be drawn up 
with mod cafe. 

2dly. Experience has fufiiciently fliown, that the inhabitants 
of low grounds are fubjeCl to diirerent kinds of fii knots, fiom 
which thofe living at places elevated to a certain degree are 
exempt. A map on this improved plan will point fnit the 
moft proper fituation for building dvvelling-houfes. It will he 
ufcful in botany, in difeoyering or cultivating forae kinds of 
plants which flourifii befi at. particular dl fiances above the 
level of the ocean. It will trace the line of vegetation on 
the fides of lofty mountains, wbofe tops are covered with 
eternal fnow. 

Sdly, Some high lands are known to^roduce good gfain, 
’while low lands afford grafs more abundantly; but tnoft 
grounds produce good grafs tf>ver which a modeAte quantity 
of running water is conveyed. A<p!an of any country in this 
way ^fnSrw all the ground that can be irrigated ; wher^e 
^ • water. 
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watS;;-works may be erefied ; where navigable canals may be 
cut; add here nigh- ways and rail-roads may be laid out on 
the bell atul hrv^^l level ground. 

4thly. The fubierraneous treafures of the mineral and foffil 
kingdoms are genc'^lly found in (Irata; and if they are not 
truly horizontal, they thake a certain angle with the horizon. « 

A map on this projedion may enable the mineralogift to follow 
any one flratum^ at places even far difiant from each other. 


^ Problem, 

To find the true declivity of any piece of ground, in any map iSKampJes com- 
laid down on the principles of the prefent plan. 


Example \ft, for D. fee Plate IV. 

As the perpendicular height, 4 feet 

Is to radius, 90? « - - 

So is the horizontal dillance, 4 feet 


6020(5 

10.00000 

60206 


To the co-tangent df the declivity, 45® 
Example 2d. for B. 

As the perpendicular height, 4 feet 
Is to radius, 90® 

So is the horizontal diflance, S feet 


10.60206 

10.00000 


60206 

10.00000 

90309 


10.90309 

To the co-lnngent of the declivity, 26® 34' 10.3010.3 

Example 3d. for C. 

As the perpendicular height, 4 feet 60206 

Is to radius, 90^^ • . . lO.COOOO 

So is the horizr^ital diftancei 18 feet . 1.25527 

11.25527 

To the co-langent of the declivity, 12® 32' 10.65.321 

The anneked furvey, of a fmall lake and artificial ^ 

mountain in tfiegSJden of his Excellency Count de Strogonolf, n^rhoa. 
iiear St. Peteribargh, has been ciofed by the tables of the dii* 
ferehce of latitude and departore, rs fullows ; 
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X. 


A Memoir on ihe rtfinlng tif Lead in the large Way, (fOniaining 
Jlfine P^eBioris on the J nconvenicncies refulling from CupeU 
made qfAJhes; uitk a nciv and weonomical Method of can* 
JlruBing thojc Cupels. % Citizen Duhamul.* 


Every 9 ne Icnows that in order to effect the reparation of 
iilver from lead, a procefs called refining or cupellation is 
made ufe of, which is effbded in a bafon called a cupel ; and 
it is likewife known that (his bafon is formed of the a(hes or 


incinerated remains of animal or^vvegetablc fubltances, after 
depriving them by wafhtng Q^i^t faIine„maUer they may 
contain* 

/The great quantity of wood afli^es required for making thefe 
cupels, and ^he difTicuUy of proc^j^^;it, liave long ago in- 
duced me to feek for a more lefs.expenfive v^eaxa 

of forming thefe veflek*, ^ ^ 

The early cbemilts having obferved that lead become o ^. . 
ided and converted into what is called litharge, whqp it isvsx- 


Th^« m Jr is tranflated from tfiie Memoirs of the French 
National Vol. III. at the requeft of a correfpondent. 

pofed 
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pof^iu .iVe 'iih llie contafi of atinofpheric air, whSe itie fiU j 

ver it tnay contain, prefervcsr its metallic form ; it only re* 
mained for them to contrive a method of feparating thefc two 
metals. They wc’-e led to this method by. obferving that the 
oxicle«of lead, in its ‘%te of liqnefoSton'eafily penetrates the 
lubtiances with which 'it may be in coiita^, paniictilar bone « 
allies, without dedroying the-dgureof the made of that 
material* In fafl there is no fuUHince is^tetever v^bich is 
better adapted to form tho fmall cupels for afibying^ 

The difficulty, and often the impoffibitUy of procuring f'*** ^ 
three or four bufhels of bone ashes lO Germany, tor each time of wood 
of refining, has led to the adoption of the athes of wood. But ufed for cu- 
not to mention that thefe arc of contiderable price, and not Inconvc^* 
always to be had, they prefcnt another inconvemence, by enccB, 
often rifing and fioating on the furface of the lead. When this 
happens, the procefs muft fail; and it does happen as often 
as the allies are ill prepared, or the cupel not fufficienlly or 
irregularly beaten, or that the openings left for the evaporation 
of the humidity are not properly difpofed, or enough in num- 
ber, or clofed by a portion of the fcoria? upon which the floor 
is made to receive the allies. This floor ought to be conflru^ed 
of lh6 moft porous bricks, in order that the water with which 
the athes muft be wetted may penetrate them and evaporate 
into the bed of fcoria, and efcape through the opening at the 
bottom of.lhe furnace. 

The elaflicity of this aqueous vapour frequently caofeftCK- 
plolions, which not only diforder the cupel, but even the ma- 
fonry of the furnace, if it be not properly conflru^led. 

In order to alcertain (ho proportion of filver in any quantity Cupelling of 
of lead, it is only necelfary to pafs a few pennyweights into a 
fiTiail cupel of bone aflies plail^ under the muffle of an aflay- ^ 

er’s furnace; as t!te lead beq^^s pxided it is imbibed in the 
cupel, and at length the phenomenon of brightening takes 
place upon the metallic button. This appearance (liews tbaf 
all the lead is diflipated^ anitl the remaining filver in a pure 
ftaie. - ^ ' 

In the large'wa^f refiningi the fameot^edof feparating Rt fining in the 

the filver from the lead is aimed at, but the lead is not in- 

tended to ffoneirale into the copel; which tn fad is inipradi- the ain>jng pn»* 

cable. For the total abfomtion of this metal wogJil reauire a wherein the 

oiidc u dvTotribea* 

much greater quantity of allies, with thecunfurrf ti^n^ a ten 
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\ fold portion of time and fue]*; befides which» the lofs Ia re^ 

covering the lead fay fufion of the cupel is viry expen^ve and 
the produ6l lei's condderabte than in the common way. The 
oxide of lead obtained in this lad method ipay be ealily fufedj, 
and reduced 4f needful; fau^t it is an article of value h the 
arts, and th^efore very acceptable hi the market in its Hate 
of oxide. , ' - 

Veffds of cliy The^oad oreiaod litharge may be fufed at is done Jn Eiig-* 

fafad/” and Britaiiny, in a revertetory furnace, of which the 

floor or bafon is formed of molHened and rammed clay. Thefe 
floors refift the action of fire as well as that of the oxide of 
lead during fix or eight months confiant work. 

Thefe are appli- The durability of thefe bafons of earth firft gave me a no- 
cable to refining. Qf mi^hod I fliall propofe for refining furnaces, in 
which the intention is to oxide the lead in order to obtain li- 
tharge, and not to caufe it to be totally abforbed in the cupels, 
as is done when the metal is alfayed, to fliew how much lllvcr 
it contains. 

It w«^ahl>epre- In the operation upon a large fcale the cuppi, though of 
a^^ioA^t^ Hfties abforbs only part of the lead, as I have already remarked^ 
plac^ »on 00 pjjfgfyjng ^t the fame time tliat it would be much moreVd- 
vantageous to obtain the whole converted into litharge, of 
which the redudion into lead is infinitely more eafy than that 
of the oxide contained in the allies, which refill fufion, and 
afford a fcoria that always contains fome metal. 

Englifii procefs. Upon a cupel of allies rammed into an oval ring of iron, 
iitonsoflea^d jiljQut five feel in length and three and a half in width, the 
fcarccly any ab- Englifli refine in fuccetlion about twelve ton of lead, w'liicli 
tbrptioiu becomes converted into fine merchanlablo litharge, with the 

exception of the fmall portiyn 4bat penetrates the cupel, of 
which the Ihickncfs is lels lU^Hhree inches. This cupel is 
fu|)ported under the roof by two bars of iron. 

The litharge is driven by (liei^itH of'bcllow%s towards the an- 
terior part of the furnace, whence it falls without interruption 
upon the area of the found cry fame time to fupply 

the fpaco which this fubirafiiouS^j^xifie would leavei a pjijg 
of lead is gradually advanced m6 the inU^r.'or bf the furnace, 
placed on one fide of the , of the bellows. This lead!, 

. by its gradual fufion,^ keeps U^e cupel full till towj^irds the eud 
of lire operation'. ^ 

* S I have 
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• ^Ilive* given this flcetch of the Englifti pcocefs only fo (l>ew The veflel is 
tliai it is pofiiye to refine lead with very little cxpence of 
allies for forming the cupels. Thofe here menUon^d do not 
abforb eighty pounds of oxide out of the large quantity of 
lead thus refined^ 

Hence we fee tliat endeavoured 

to obtain the greateft poffil^e qiMfillty ^ litharge and the lead 
of a (lies coptaipiltg mide 9 b|^l «i Ijhftj.^d they 

could depart from (he dociemftit prcfcc^t* have eonfiaiitly 
wade their cupels of aihbs. / 

We have feen tliat in the fmalt of copellation the The litharge 

lead penetrates the allies as it b^omes oxiid<d« and that when 
no more lead remains the fmatl button of iilver renmiivi pure ^ 

at the boftom in the fphericat form. This operation is effe^ed 
with more fpeed becaufe llis^ furface of the bhth is always con- 
vex in tliefe fipall veflels, and confequently the litharge runs 
olT on all ffdes towards the edge of the cupel^ where it is tm<» 
mediately imbibed^ 

This is not the cafe in large cupels of feveral yards diam* -^bu{ cannot 
pter. BeUows rauft be ufed, not only to accelerate the oxi- 
daiion by their blad, but to drive the litharge towards Ibe'^paf^. 

Igge oir gutter which is left for its [(Tue. 

The inconveniencies and even the impoffibility of caufing rt mart be driver 
all the lead to penelrate llie allies of thefe large cupels have 
been already remarked. This nioft be evident on reflefiing 
that the oxidation can take place only at thofe parts of the 
bath which arc expofed to the contact of tlic air and the blafl 
of ihe bellows. The litharge near the middle qf the bafon 
not being difpofed to flow towards the edge, would cover and 
defend the metal from any farther oxidation. Hence it is 
that the operators liave fot^ thcinfelves obliged to drive out 
the litharge b) the mechan|l^^t|^on of a dream of air from 
bellows. * • 

The oxidation therefore flKes place only at the farfaep of The oxldatwft is 
the lead, and not Iower.j[Jfc|t were otherwifet the afhes of the 
cupel would be penetru^^^^ oiiicle to a depth which would 
be more uneqgalJl^ longer ll^^operation^ laded. Now 2 have • 

always remarkedtirat the pcifUion of alfares thus imbibed in the 
large refinery is not thicker towards the center of the bafon 
than* towards its edge, though the Itiad remains thirty or forty 
times longer at tlie bottdtn than near the edgeyat^yfe the 
VoL.,XI. — fi'iY, ]805. P bath 



REFINING OF LEAD. 


Other reafons 
why U e large 
procefs cannot 
he in.idc bv ab- 
forptlon* 


f‘“ , ^ 

\ bath conftatitly dimiftiftiea till all the lead is reduced’ inl^^ 

I tharge, and nothing at lafl remains but the buV.on of at 

the bottom of the cup^b 

7’hat the whole of the lead U abforbed in the cupel of atfay, 
arifes from the unn^aala^ion ol heat upon every part of the 
fmall vefleb As the i^upel way prefents only its 

fuperior fttrface to the ^ thus im- 
bibed ce^es to penet^fe at wheir^ the temperature U 

no longer in a Hate to b^d „the oifl^ttng fufiw. For this reafon 
It is that tjje whole. xupel is throughout impregnated to 

an equal depth, and k ii ii^poirible to^ caufe all the lead to 
penetrate the afl»es. 

From the preceding obfervations it will be eafy to conclude 
foughi as a pro- that though the |^Ry of lead mu ft bp made in fmall cupels of 
duft in the laige afliOSj in o^er that the wliqle of the oxided metal may 
either be abforbed of partly evaporated ; yet the cafe is very 
different in the large operatiorii where th^ obje£l is to proceed 
witlj celerity, and to obtain as much litharge as poftibic. 

Addition of (and I have before ftated that the wood afhes ulbd ifi fortj^fjtg 
large cupels are expcnfive, and frequently not to bo-procofod 
in (ufticient quantity ; to which I have added their^ beiifg lub** 
:ecl to blow up or rife entiVoly, which occafions a confides , 
ablelofs. It mull further be mentioned, that in order to" givO''"^ 
more, weight and conftftence to ihefc cupels it is often neceffiry 
to mix a confiderable quantity of land with them, particular’y 
if the leall ftiould contain foraign I’ubfiances, furh as arfemc, 
cobaTtf antimony, zinc, tin and other matters. If the lead be 
merely arieiSical, after having taken oHT the firft feum, it is 
ufual to throw from time to time, on the whole furface of the 
bath, about ^iOlbs. of iron lca|es or granulated crude iron. 
This iron being lighter than iheijE^d, tioats on the top and ab- 
furbs thearfenic, after ''^hi«^l^J;|&learcd aw^ay, and liien the 
litharge is formed without ’any j;;^acle, l^lus method is ufed 
in Saxony. . 

The neceftity of adding fand ihe cupels ought 

to have led to a difeoverj^ it is ^8 follows* ^ 

Nezi^ Conftrukim ’^ifie hr Bafons^ir rej^ifig Z^iL 

Without ma^kihgany qhange in the mafotCry of^be^furpaces 
for refining we call the German methi^^ it is only 

careful to make. a iuHicient numbiir t>/ vents in 
^ their 


Litharge Is 


tt> the Wood 

aihes 


Kevv connrttr- 
thr b.i' 
or vetfeh 
t\» kad, 
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bafe for the evaporatioh of the motflure, and Co diPp^tfe 
of them-fo hioft efie^aalfy tO'^ajifwer this pui*pofe. Ttwefe 
channels or vents are to be covered wUh a bed of fcoria, upon 
in^hich a pavement is to be made of Abe mod porous bricks^ and 
of ihe thickncfc of a.dngCe ^ ! \‘i 

On this area or payem’i^^^ii^ ^ concave likiSt Tha^pel In 

the bafe Upon 

placed, mud morflii* tnftead of bone' 

cnod. If it be hot acJlAfive eiioUgW i. tittle'' clay 

added, in order to giv« the reqaifitoj^foUdhy, and*' the 'whole 

carefully mixed« The didd1j^^,4be rahimed down in the fame 

niahner as is dohe to confoii^s^ the allies in the umal way, 

and abafou dlt refining mud be formed, equally rammed in all 

its parts. The thickiiefs of this cupel h^ about fix 

inches; and it may be made in two layers,' as W'd ilhall here* 

after obferve. ^ ' 

’ .^fter the bafon has been in ail parts uniformly beeteti or 
raided down, it will be proper to dft '<>ver the whole fur&ce 
tvi^d Of ' three quarts of wqod adies^ i^hkh may be joade to ^ 

^adhcfdtby ”'ra;‘in,ming. ' 

WBen* the cupel is thus prepared, the head of the furnace It may be dried 
"miift be Idwered, aind a moderate lire kept up for feveral hours, 
order to evaporate part of the water from the fand/^ The 
Veft will be driven out, w’ilhout inconvenience, throii^lii the 
vents during the refining. 

After a fufficient drying, which may even be dlf^nfed —Hut th‘n is not 
with; the head is to be raifed, the cupel, fuffered to cool B 
little, and ftravv or hay then laid upon it, and upon this the Mecliod of 
pigs or pieces of lead, which arc to be gently put dowii, 
order that their weiglit may p^t make impreflions in the fand. 

TJie flravv is ufed for this tn our method as we|t as the 

common method^ and it ^l||fWbe' convenient (hat the lead 
(liould be caft in iron heniiip|erical moulds or pots inflead of 
the prifmatic form, as J^^fp pieces lefs 

damage the cupel. ■ * 

When ibe quantity fill the cupel is ar- 

fanged ip j^e^fis^^ theliq^^^is to.|»^wre4 and luted a!l 
round wjiib clay, ^pfter which UllS fire is^to beppplied as in the 
ufuai pt^fi^iS^es. 

When lAe lead is in perfeQ fiifioo, covered F*>fiop« k. 
withjdrdfi and coally matter from^ifee lUd#,i9i3iTkfffc^ 

V 2 \ ^^aked 

\ 
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flowing, 


Qutter for the 
itharge. 


Inftruftions« 


ttfiriKriirG ot leai>. ^ 

rak^d off through tl>e paflkge left for thelithafge, by meaoft'of 
a wooden rake about a foot 'long, wHh an irdn handle Of fuf- 
ficient length to reach iiii^ry part of (lie bath. 

When the lead has beop feveral times (kimmedy and begins 
to become red, the b^ltows muft be fet into aftioh, gently at 
6fff, and afUr wards more ' Their nozles muft be fo 

^ifpofed.that the blaft may he towards the center of 

the bath, hitd in ctfcter'lhat the wikd may urged upon the 
ittffhee of Ihb mti^bave a fmall round plat<^ 

of iron adapted to |C-";rjPhdb fmall flaps or valves, called 
paptllons (fties or bnlteffitesl isf^afed in the German hrleri^s* 
They have an hinge at top, and. at every ftroke they rifeabout 
half way from theif -perpendicular portion tow'ards tlie level, 
fo that ilie air downwards upon the lead, they 

haflen its bscidation. 

When ail the drofs has been removed, and the lead is of a 
good red heat and covered with litharge, a KUle gutter ^uft 
be made, with an hotslk appropriated for this purpofe, in?il^, V 
fand of the ciipel. Thrs imuft be cairefully done 
tom of the guller anfwbrs to tfie level of the b^B.'^' 
tharge driven by the Waft of the bellov^s w'ill flOvT pf iMs 
palfage, and fall upon the hearth of the iKnindery. 

When the operator perceives that only a frnafi quanltty 
litht^ge^emalns near the gutter, he will flop its efcape with a 
(mall t^antity of moiftened aflies; but as toon as the lead fliall 
be again covered with oxide, the patfage nHuft be opened and 
made deeper as the quantity of matter becomcM deprefled ; 
taking care that no lead efcapes, particularly towards the end 
of the operation, as it w^ould carry along with it a large por- ^ 
tio*! of lilver which would be loft^;. 

In this manner the proeef| is-^Jbe carried on until the fur- 
face of the filveir exhibits^ (iislll^rlilaflies which are called the 
bi ighlentng, taking ^are to rarfethe ftre ib proportion to the 
diidliattttdn of the |)artfColar^m*ardii' the end, when 
the fiiver is colledtedf btid bs is much mOTe dt^C^lt 

CO be kept in fulion than ks ftilsdi^loy of lead, the reffl^g 
will be imperfe^, the Ipmperatur^be'satlbdr^^^ fn- 

ftead of about One twdiftictb^bi?1bad, which life filveritfuatly 
lauains in the ‘^cOman methsiEli it will remain more 

highly ehaijg^.' iPhis wotiM render It more dilkuh to be 
tceated.^f't^ecortd bperliklon, catted the titver r^irg; Or 
'by tW Germ aI.s fiher brenen^ by whidi it is ‘■ciidered pure* 

/ ^ 5 Tliofe 
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V. Thbfe wbof arifi^sccaftoreed to re^ne lead in tlie Genomi 
method, will ^d difficaUx in folk>wiitg mine* For ihobjgh 
the Cupel is made ofdand indead of adbesi there is np difieienoe 




,4n.ifae.manifHil^ioi}s« # 

JVVe have feen that the Englifli refine a great quantity 
lead on a fmatl cupel* he done in the meChed up>Qie charge^ 

here defdrihed# by adding liik ^oportieiv as the lofs by oxide- 
tiou takes place. Suppofing the caparity of tbe t^pel to be 
(uch as to contain abopt five tcei^.llNid; im might cofgiOne 
the operation to thre^ tunes proce&, 

whiob would"^ not b^e ^ of the Englifii 


meUiod. 


I flatter my felf that a .fvell«made CupdjOf (and may be ufed and the cupel 
for feveral refinings^ without requiring .tiq be made op again uftd!**^*'* 
every time like thofe of a^es ; but in thefe clrcmnAaiices, and 
before tbe lead is put in« it is necefllary to fill witli well beat- 
ien land the gutter or opening which was before made for 
, carrying off the litharge*. Care imtft be taken in doing Uiis to 
; a chiiTel that kind of glaze which theesdde ot. the 

,i^;|^a^hind it* With this prai^uilon« after weUmg<lbe 
Uie new,moiftened fand is to be applied^ they will 
Mirtitiy uhite together* , , . ^ 

Erolb the long duration of the earthen floors of .ihafe re- 
verberatory furnaces in which lead ores^and even titijai^e ere 
f’ufed, as was before mentioned^ we have no reafoQv^^^apim- 


hen)[l any bad confequcnces from the oxide of lead, Ivhtehafiis 
only on the furface of the cupel, and penetrates to ea mponfi- 


derable depth. 

After one or two rehningst this cruft of oxide may biQK^tafeen Recoverptof the 
off* and fufed in a blaft furnace, in order to recover the lepd . 
a procefs no lefs eafy thi^'tb^ of reducing the metal which 
exifts in much greater ^i^dly in tbe ordinary cupels. We 
therefore obhiin a larger .^tuanUty of Htharge, which is one 
advantage, and in addition to Ibist /thp^s hi filver widt^fa ac- 
.;CDinpaiiies . tim abfoibjjltt^^ imll 'be ^fs. For in the fmali ' 
piecit^ the oxide, it 

k foundry Operiinent, thnt the is greater in the 

;id>forbl#^ in that is driven over in litharge. 


InlSia&of fais^ we might pxiakg. ute ^ tdity in conffrafiling Td ^ake the 
our eSp^ zs is done^in tite hmirthsiysif ;>tl^ infteld of fend 

Bfittany ; but it woaW ihen IN? would be more 

lefe convenient* 
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Two kinds of 
faad. 


Repair or re- 
newal of ihe 
cupel. 


the earth repeatedly for feveral days, otherwife it would crack, 
and thefe cracks, which would become wider by the ihrirking 
from heat, would afford a lodgment for fome of the lead; an 
inconvenience which fand, even if rather loamy, does not 
prefent. It muftaifobe remarked, that a cupel of clay would 
become loo bard to admit of the excavation for carrying oH the 
litharge ; i’o that this part at Icaff Would require to be made ol 
ikfid or afhes. 

It wdll be advantageous to nfe (wo kinds of fand in forming 
a bafon of the cupel, dlie one fine fucji as the founders' fand, 
and the other coarfe. The latter may iorm the firft ftralum, 
which, after being w'-ell rammed with the iinplement'i ufed for 
this purpofe, inu/l be left about three inches in thicknefs. 
Upon this Ihe fine and fome what loamy fand is to be fpread 
and rammed like the firfl. A flight degree of moillure muft 
be ufed with both thefe, in order that they may more folidly 
adhere together. The lower flratum being more coarfe, will 
facilitate the efcape of the humidity. 

It will not be neceflary to difluib the lower flratum of fand 
when a new cupel is to i^e made; and even of this lafl that 
portion which has not imbibed any oxide may he ufed along 
with the new land intended to be applied. The lower flratum 
miift not be touched during this renewal, for fear of mixing 
coarfe fand with the/irui. This inconvenience may be guarded 
agaiitfl.by ramming upon the furfacc of the coaric Ijiul a bed 
of a thin facing of afltes, a! which the operator muft flop when 
he takes away the upper flratum. 

We have remarked that the founder fand muft be rather 


Abforption is of 
noadvjntagc In 
the old piocefs. 


loamyi and that if it be not fo, it wdll be neccfl'ury to add a 
fmall qua'ntity of clay to render it adhefive ; but as it is lu^ 
ceflary that this clay fliouid be equally ditfufed through the 
inafs, it may be diffufed in the w ater with xnibich the (and is 
to be fprinkled, and the whole znufl be carefully mixed. 

It might be obje^ed, that fince the cupels of fand do not 
abforb fo much litharge as thofe.iqif dsflies, more lime will be 
required to complete the refiningy^vfeecaule the oxide inflead 
of being in part abforb^t mufl by this nev:; p.^Krefs be driven 
out of the turnace. This liowever is a fubje£t which ought 
not to be confidered as of any importance; for the Waft ofJhe 
bellows well direded will caufe the/)xide of lithai^/to flow 
out through the gutter than if the abforclion 

took p’^ -e. 


I have 
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I have feen ^)pe^a(ors in Gcrnianvj who, when (hc>' con- j^pf'^vcment. . 
^ * I . 1 1 ' • >• II - Cavity to receive 

flrudjd ibeir cupels, liad the pjrecaulion Co form liirdll cir- f,iver. | - 

cular cavity in the middle, llie depth of vvhuh was propor* 
tinned to the (juanlity of lilver, which from the atfay they 
ki)^w to be contained in the lea l of one operation. By this 
contrivance there were no, inCuIated grains of tlje metal left 
on the furldce of their cupel, btU the, whole of the Hlvec 
formed a perfejclly round .cake in the middle of the center ex- 
cavation. 1 would advife the fume ingenious expedient to be 
uled in tlje cupels of fancl, 

I am well afl’ured t/fl the cupeU I propofe, if made with Conclufion. 
care and attention, will fucceed perfectly, and that, indepen- 
dent of their convenience beyond the others, they w'ill be 
found very economical 1 am tlefnous that, for the advantage 
ot metallurgy, this melJiod fliould be generally ufed, and its 
benefits will prove that we ought not always to follow with 
fervihty the cftabliftied ulages nor the common working pro- 
ceffes. 


XL 

letter from Mi\ James Stooaet, explaining the Method 
gilding upon Steel hj/ litimcijlati in a ldqui(l» 'iv/iicli has latelij 
enga ged t/u public ^HUnUu,i m various Articles of Mauu.~ 

JiiOur'\ 

To Mr. NICHOLSON. 

Di- \R Si K, 

Coiifiderablt! degree of public interefl and curiuHty has luflxumcnts of 
lately been e\t iU*d by the CNliibilion ot inftrumehls ol 
c<;aled or gijt with g<'Id.’ The discovery, although not alio- 
gelher new', does not appear be very generally known ; 
and as its application to vaiious mamifa£iures promifes to be 
both elegant and ufefttL T have, with a view of living Ibme , 

Ijlcne and expence to others who may be inclined to make 
further expoMQ;mds, added a (liort account of a method whit h' 
yi^ith me has fucceeded pertledly well 1 witli here in juHice 
to^obferve, that this difeovery of the method belongs more lo 
my frr^n^ Mr. Hume, chemill, Long-^Acce, Ijhan to mvfelf. 
ilptgentleman’b Itind aHliiaiice 1 had 
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Account of the to ovcroomfe, Th« following is- our method : To a falurated 
prbceft. Th>rec nilro*.rouriatic acid, add about three iirocs 

ethel arc added the quantity ot pure lulpburic ether; Agitate them iogeihev 
to fot a ftiort time. The gold will foon be taken -up by the 

The gold’s’ ether in the form gf a muriate, or nitro-murfate of gold, Icarjpg 

taken up^v the (be remaining acid colourietfi at the bottom of the veifel, which 
ether, drawn off by means of a ftop-cock, or other 

The inftiument fitpilar contrivance. The add being difeharged^ the inftrii- 
^ having been previoufly well poliftied and 
lutioa. wiped very *clean, is to be dipped jbr an inilant into the 

ethereal folution, and on withdrawing as inttantly waOied 
by agitation in clean water. This is elTentiai to get clear of 
a fmatl portion ef acid neceffartly taken up with the metal ; and 
if this be neatly done» the furtacc of the fleel will be com- 
pletely and very beautifully covered with gold. Some Iriile 
degree of des^^terily is required to perform the whole opeiatiun 
well, 

Effential Oils do ] havc tried fome of the eflential oils, knowing tlmt they 
not fuetced well. jbe gold from nitro-murialic acid; but as far as 1 
went they did not apply for the purpolb of gilding : and as I 
had found all 1 vvanted in ether, I certainly did not prafecuie 
the other experiments with much indullry. 

I remain, with mucli refpett, 

' Dear Sir, 


your obliged fervanf, 

J. STODAR I . 


Strriftd, June 21-9 1805, 
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On the peculiar Noife tiniUtd by Wattr before if acquires the 
Temperature of boiling; uhich h commonly denoted by the 

lyordShnmcring* W, N. 

Introdudtiun. ^OME time ago a phtbfopbica] friend who favoured me wilh 
a. vifit, mentioned in Ccuiveii'ation that liie li^Tir;51*ffig of watefir 
before it boils had formed the l’ubje6l of enquiry between 
lumfelf and otlmr ^Uiioua examiners of natural aptTea^?*cr$y 
ns being a faft *irot ytt w^ell explained. It feemiii^’^to me 
very ns rdftie fey it will to mj readers, Klbat .?»ny 

. of 
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of the fafts relating to the boiling of water, concerning which 

fo much has bf^n laid and written, (tiould Hill remain in ob- 

fcurity. Having, rnyfeif, been in the habit of conlidering 

It as the cbiifeqtlence of a rapid cfcapeof intorfpcrfed air from 

lh^^\heated water, I requeued he would lay why he thought i 

the phenomenon repugnant to that fuppotition. My friend IVtij^ardc. 

proceeded in reply to Hale; that when water is tirft put on 3 *^* 

the lire, in a metallic veiTel, the veflTel itfelf gradually becomes inj. 

lined with bubbles; tha{ thefe babbles become detached and 

rile, fo that the whole foxface, or at leaft the bottom, becomes 

clear again; that, fo(4n aftterwards a rattling noife is heard, 

Hiarp and metallic, which eitcreafes in loudncfs until it alinoH 
perfectly rdfeinbles the pouring of fmall ftiot into the vcflel ; 
that the fluid continues in a Hate oi' tranquillity and tranf- 
parency during tiiis Hate; and lallly, that when the noife 
is loudeH the Hale of ebullition fuddenly comes on, the pecu- 
liar noife of Hmmering ceafes all at once, and nothing is heard 
but the fofl and moderate noife of aquatic agitation as long as 
ithe boiling laHs. 

This account, fo remarkable for its preoifion and mccuracy, It feems to arife 
fliewed clearly that n»y notion, which I believe is the common 
opinion, was ill founded. After a little meditation, it ap- coiuicniatian of 
peared evident to me (hat the mdfe of iimmering muH arilc 
from the co!Iapli<jn of Hcam bubbles, formed at (he bottom 
of the veffrl, and condcnlcd alraolt inHantly upon their 
alceiit in liic fluid not yet healed to the boiling point. In 
fupjjoit ol‘ this opinion I (hewed him a common experiment 
with the walcM-liamrncr. riiis inlliumeiit, which is made Deftription of 
and lold by llic glafs-blowers and baroinetcr-makefs, confiHs 
of a tube, nearly a foot in length and about three quarters 
of an lijih In diameter, terminating in a globe of alwat two 
inches in diameJ^jr ; the olher end of the lube being doled. 

The outer extremity of the globe ends in a capillary tube, 
through which as much water has been introduced as rather 
more llian fills the globe itfelf. I'bis water has been boiled 
in the velfel or inltrument, and at the lime of boiling, when 
all the iniertTTrC cJVMty not containing ^ater w'as filled with 
flfdin to the almolt total exclufitin of air, the capillarv aper- 
ture ^a.S|herme^cally doled. The infirument liius com- 
pleted V juiul when cojd to contain water and a fpace nearly 
and the experiment from which it name 

of 
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Singulaf noifc of of the waler-hajDiTier, is that ot agitating its ^ontents^ The 
^ ^'"^“'“‘^“‘'“reniarkahlu effea it e\hil)i)s is, dial die pa«s ot' the water 
ilrike agaiiifl: the and againft each other, w iih the fliarp 
AnF^l Cl experi- noife ufual[y produced by ilic c oltiliftti ot bard bodies. Another 
JJJ^ucitj'anir ‘•’Xp‘^rini«n>i which 1 alludc-U (o, is that, if the hall ,1}^'*^ 

coii-icii^ downvvards fo as to become tilled with the water, and it be 

fccou(SV' * then (lowly railed up, fo as to bung the tube nearer to the 
horizontal poiition, the beat pF liie hand which holds the 
tpbe will produce vapour or ftcam flrong enough to prevent 
the fluid Irom running down lo its ]e\el (.mn the upper lur- 
face of the globe ; but a lUde, fariherN^mcIination caules it lo 
deCcend, and a bubble of the fleam enters the globe itfelf 
and afeends through the fluid,. it lcartei\ arrives at Ih^ 

top before it is condenfed, and the water ollapfCsS wdlb a 
linart flroke or mwfe, fo as to (ill the globe again. TiiC (uc- 
celjijon of thefe bubbles and llit ir condenraLion lake place 
fo rapidly, in a well made inliigmcnt, llnU ten or twelve 
applied toexphiii collapflons occur in every fecond of time. l‘he I‘a6r, and the 
obvious remarks I made upon it, convinced luy friend Chat I 
had fuggefled the proper explanation. 

It was tny inlcntiou however to have healed fome water 
in a veflel in order to obferve and afecitain the pr.ogreifive 
appearances, but I had not do^e it when I again hud the 
pleafure to n*cel tins intelligent obferver, Hf" cuinphnienjerl 
me upon the ingenuity of my folution, but having liimitif 
fince repealed the experiment of boiling water, it feeuKcl 
from his report that ingeniiily was all the value ’i eouM claim. 

Take a bright tin veflhl^* faid he “ and heal wai -r m it} 
you will hear the noife, but no bubbles arc to be feco.” 

I look the earliefl opportunity of making ^nnie 

the partieolars and refults of which are as ieliow- ; 

Exp- T. Water lUp. ]. A fmall glafs retort, the bf»dy of which is about 

M'A-, heated jn a flioftcfl or horizontal diameter, was ful’peudcd 

glafb retort. 1 he . ' ' ' 

ftmmering wjs lo that its necK w’as elevated about twenty degrce.N above thje 
level. Water was then poured in to fill the body and the 
greatefl part of the neck. My intention in tilling the neck 
vvaSj that I might be ubie lo obf rve wlu thjy^uSny greater or 
more, fudden rife look place betoic the period of boiling thap 
the vveli knovv'n expandon of the fluid. A fmall fpiril-iauip 
was placed beneath the bulb, '-fhe ooldneds of, tn 

the vcflS^IJ^VlfttM^dialely condenfed a portion of tiie w^er vUiiHi 


the of 
flnnmcriug* 

Objections. 


attended ^vich 
fteam bubblct. 
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4 ?rued from the ilaine ilfclf, and formed drops on (he ontfide. 

As ihe^includecl* water became heated this condenfed wau r 
ei^aporated* and left the Curface again clear ; and at this pe- 
riod the dilleminated arr began to teparate and gaA^e a tlufly 
'irance to the inner ftrrface, which Jafted about three mi- 
luite-i. At the end of (his time the inner fiirface began to 
clear n the peculiar noife of fimtnetmg wasJieard; arid bubbles 
were feen t'uddenly appearing and colbpling ; the retort itfdf 
being agitated and the furtace of the water rifing and falling 
by ftarts! The bubbles^ were pointed at top, fornewlut re- 
fembling fmall flamc*^iuldenly’ appearing and vaniftiing at 
different parts of the furtace. In the courfe of oik' minute 
they grew larger and larger and collapfed at greater- heighi'i, 
until at length they elcaped through the fluid W'ilhout being 
condenfed. This was the inflant of ebullition or boiling and 
at this period the noHe of iimmering cealed and that ol hoiling 
was heard. 

Exp* 2. As this cfn ^'1 appears to arife decidedly from the Exp. 2. Water 
upper water being colder than that near the liotloin of the 
veflel, it was natural to infer that the appearances would betel. ThceffedU 
different according to its figure and magnilud^^. 1 therefore 
took a holt-head, or fpherical glals body, wiih a lira igl it neck : 

Its diameter was four inches * and when it was filled, a co- 
lumn of water eigiit inches iong flood in its upright neck. 

The thicknefs of the glals at its bottom was contiderable. At 
mmutes aficr three the lamp was lighted. At -10 minutes 
bubbles of gas rofe finglv, and very litilc of the dully appear- 
ance was leen. At 5«S minutes (he noife o* (immering bcg*;ii, 
and the collapiing hubblus were plenlitu! and diflin^I. Little 
flreains or fountains <.f fleam role (lom partic ular points and 
were condenled ; and fonie globes of half an inch diameter 
afeended clear oj| iht boiinm and collapfecl in the thud above. 

At one minute after luor the bubbles reached (he topi ot the 
fluid without collapfing, and at this lime the noife of fiinnier- 
ing * ealed. I'hc lamp watt then blown out. / 

Exp* K A bright copper hemifphere, four inches in d.iaiiiC-Ex^. 4. Th? 
ter, was filJec>^»-iib^vvatiT at the temperature of 60 degrees. .'j 

At foui hours three minutes the lamp was lighted and water ^oppsS/ Ud. 
bcc^nr^i rojdcnieci on the ouffide. At fls*# minutes (he inflde 
lurlaceT. a dufly appojrance, ftoin bubbles of air immedi- 
ate!' ovt the flaiiic. Tlie (emperafure w^as and 
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the dry. At fix minutes bubbles of gas or air were 

cleiached ami role, the Ae^aperature being and^the va* 

poitr of fleam bei^ srifible from the forlbeo of the water. At 
eight rainates the UtSde furface waaeoated with laige bnbbhsb 
or btfads of air; temperature Attune minutes^ 

165^, much tapoar. At 94- min. lemp^ 175®^, Uie bottom was 
Wear of bub|des, andtbenoife of fimmeriitg began. At 10 
spin. temp. the fleam ^ottapiing bubbles were very evi- 
clent, though, from theit pdNited diape, tl>ey were not imme* 
diately obvious to an obfbrver Ibuhing firaight dowA into the 
diining vclfel/ At 1 1 mm/ temp, noile very ioud and 

bubbles more and larger. At 12 min. temp. 186^, fOme ot 
the bulges broke at the fi>rCiee» and the noile was lefs. At 
12^ mift# temp. 201>^, the water boiled, and the flmmering 
notfo was fucoeeded fay that of botltfag. At 1 1 min. the lamp 
was cxtingiilfhed. 

£xp. $. Water E^p, 5. The water was fuffered to cool to ITO^, and tite 
A«jtot*1iimmor lighted agaui» namely, at jour hours 18 mi- 

fo much or fo nutes. At SO ndh. temperature 180^, the fimrnertng be|^ $ 
* fteam bubbles were feen very large: and 

from a low tern- fooii afterwards, at 204^, they rofe through the fluids and 
l>utacurc. Iliit boiling took plgce by fduntains or flreams of bubbies rifing 
from particular points. The fimmering noile in this expert* 
ment was much lef> than before. 

The tbcrmomeier was placed horizontally, with the greatefl 
part of its tube, and part of its bulb, out of the water. When 
Hw bulb was plunged in the water. It Hiewed 20S^. 

Conclution. I^rom thefe fa€ls it appears to be clearly eflabliflied, that the 

caaCb iirft mentioned, namely, the condenfation of fleam 
bubbles in their afeent through the cold fluid above, is the oc- 
cation of the noife of fimmering. In the fifth experiment tlic 
fu|)enncumbent svater was hotter than that bunealh, and con. 
fcqoeiitly the flmm^ng ixAld not be produced but by fteam 
at a higher lemperaiare, and even then Ihe collaphon of tbe 
t water was lefs iuddeti and ttte noife lefs loud. 
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. % Mr. Da vt]> Mushet. J^rom ihc 
J?hUf^a^ca4 Trafi/uctiotut, ^S05* 

4 L d E t'alfo,wing exj>eriineni| we,r^ padc all the of Sir Expcnmcnts no 

Jofeph Banksj cakes c| wootsiy wbh which he fyppl*ed 

roe for (bat parpofe. As which wer^ aumbered 

I, 2, 3, 4;^ 5, were not alfof the fame quality* it will be propw 
iirft to defcribe the di)^reoc4^ obfervable in the^r external 
iorm and appearance^ 

No» 1 was a denfe folid without any flaw or /ungous Defedptwn <>f 

appearance upon the flat, or, what 1 fuppofe to be, the upi>er Nw.^ 

iide. The round or under furface was covered with fmall pits 
or bollowsy two of which were of conflderabif dfsptii ; one 
through which the flit or cut had run, and another nearly as 
large tow'ards the edge of the cake* Thefe dep^eflions, the 
as I fuppofe, of a fpecies ot cryflallizalign in coolings 
Vi^eriK ebtitinu^^d round the edges, and even approached a little 
way appn upper furface of the wpotz, 

was a quarter of an inch thicker at one extremity 
pf the dtpneter than at (he other, from which I infer, tliat tlie 
pot or crucible, in whicli this cake had been made, had notoo 
copied the furnace in a vertical pofilion. Its convexity# com-^ 
pared to that of the otlier live, was I'ccpnd. Upon breaking FraAuiei reiy 
(he thin fin of fleel, which connects the half cakes together# 

I found it to poirefs a very fmall denfe while grain. This 
appearance never takes place but with fled of thp belt quality# 
and is lefs frequent in very higli fleel, though the quality be 
otherwife good. 

Upon examining the break with attention, 1 perceived feveral ~ 
laminae and miniAe cells tilled with ruQ, which in working are 
never expelled to unite or (hut tog^bpr* The grain other* 

Wife was uniformly regular in poipt of colour and fize# and 
poflefTcd a favourable appearance of fteeJ. J 

No. 2. Tbi^cake had two very different afpefts; one fide >cnpt*an 4# 
was denfe and regu?ar, the other hollow, fpongy, and protube* 
rant. The under furfiice was more i]iDiIpriitly honey*com|^d f 
than rr.;. ;; ; the convexity inpthe middle was greater, but to* 
vard; tt edges, partidilarly gn one fide, it flaKer* 

fht expofed by breaking was larger, bloer i\coioiir, 

and 
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and mdNf fpdrkliftg than No. r. Ii» breaking, W fra^ure tdr<K, 
but flightty out, and dllpkyisid the (ame ttn<}«nne£led Jfaminatf 
with rufty furfjces, ai v5ras oblerved iH No. ]. Belide ihcfe, ^ 
two thin fins of itmtldable iron preceded from the unfound 
fide, md ibattkeri incorporated with iho maf^ of fieel thro 
out* the centre of the break, and near to the escref- 

iSienee cdmiAOn lo all Che eakrs, gioups of malleable grains 
#ere difiioi^ly vifibfe. The feme appearencd, though in a 
fifgbter degree^ mantfefied itMf in venous places throughout 
tbebreak. ' . 

Cake of woote, No. 3. The upper furfecc of this catt* contained feveral deep 

3« pit^, winch fi emed to rcfult from the want of proper fluidity 

in fafioix* They differed materially ftom ilio'e dt tcribed upon 
the convex Tides of No. 1 and 2» and tiiere of liul kind that 
Would materially cfle^ the fled in forgmg 
The under or convex fide of this cake prefcnled a few 
cryflalfine defireflions, and lliofc veryfaiall; the convexity 
was greater than that of No.. I and 2, the tra6luic of the fiit 
almofl fmooih, and only in one place exhibited ^ fmalt degree 
of tenacity in the aO of parting, fn the mu.cPe of the break, 
about l<alf an iiu h of (oft flee! was r\ nit nl ; and m difi^reot 
fpot^ throughout nurncious gt< ups of malhable gratfls, and 
thin lamiiije of (oft b!u( lou^h iion made ihcir appearance, 
iTakeof vNoitr, No, 4. Was a thick deiVe c potreflTed of the greaietf 
Ww. 4 * convexity ; (he depn M o is upon Ihc under fide were neither 

fa Urge, nor fii numerous as thole in No 1 and 2, nor did they 
approach the uppci lurface o* the caki furlhei linn tlie acute 
edge. 7* is f irfacc hul ihe molt t\i lent mojksof hammering 
to deprefs the feeder, <»i /unions pait of the ivetal, winch m - 
the matnifafluringiei ms thcga'e oi onhee b} which the metal 
dele ends m the of giasiiatu n. 

1 Ir bi< ak of thtii calyV, hn^\c\» r favourable as to exteriial 
appeal aoce, wa« fer frUim filing fotid. Towaids tin* feeder it 
Teemed loole atid ernmbly, and<itiiich oxidated. The gniiii 
divided nlejf into two diflintSt flfrata, one of a denfe whiii^ ^ 
colour, theoihei Urge and bluith, eonUimng a number of fmal)'^ . 
fpt 9 ^$ of bi illUn^y. SeveraJ irregiijir teS of afalleable 
iron pert^adod the mafi in varic us places, which ihdicated a 
COtftpoiirHi ^ biAwrogOfleOiX for good ftecl. ^ 

of woota, jpaWif Tfbit wai tnaferUnJ^difierenl in appec ? Icc from 
any of It had received but fitilc b yet 
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, ^as fmooth ^ free from depredtoR*;, or, honey^tlib on 
both (tir£ice<;. Jlne feeder* init^d, of being an cxcrefcence* 
prefeoted a deep concave beautifully crydaliizfd* 

' In breaking* the fm&ure tore out confiderablyi b^it pre-^ 
a very irregular quality of grain. That , towards the 
under furface was fuiall and uniform* but loisarda the ftat or 
upper furface it increafed m fiEe. abd in the Uueoefs of ita 
colour, till it patfed into the ftateaf oiaflcaWe iron. 

The break of this fled, though apparently was the 
leaft homogeneous of (lie whole* and throughout it prefenied 
a very brilliant ai range/ient of cry Hal, which in other tied is 
always viewed with lufptcionk 

Gtnei'al Re^mark. 

Uniformly the grain and dcnlity of the wootz are homoge- 
neous, and free trom malleable iron low'arcfs the under or 
round furface; but always the reverie towards the feeder or 
* upper fide, 

llemarhin Forging, 

No. U One-half of the cake was heated flowly by an anneal- The appear- 
ing Heat to a deep red, and put under a (harp broad-mouthed 
dnifet with a fmall degree ol fap^u . It cut with ditllcultyi w»as wootz, No. i. 
reheated, and cracked a iilile towards one end of the ilrl Or 
cut originally tn the cake. 

The heat in this trial was lo moderate, that 1 was afraid fhal 
the crack Iiail anfen from a vsant of tenacity, occuiioned by 
llie heat being loo low. 

The other half was ticated a few lhades highor, and fub- 
’ jeaed to the tame rr.ode of cuitmg; before the chiflbl hajJ 
halt way reached the bottom, the piece parted in two in the 
direction of the depicihon made by the cutting inhrumeni. 

The additional iiSat in this iuilaifce proveil an injury, while 
the cracking of the Heel in both cafes,^ particularly the former, 
iijtras a certain proof of tbc abundance* or rather of theexcefi 

tlie fleely principle. 

The fra®i^C5*.ot both half cakes, noiv obtained for a fecopd 
time, were materiair/ different from that obismed by the (imple 
divifion of the cake. The grain was o<^riy tmiformii diilir^ly 
marlceo. b .1 of loo gray a Cidoar for ferviceable HeeU . Tvi'O 
of tbaq* rters ^ eing drSwti jinto n^t bar:* unde, ham* 

• nieia 
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^a^tr- in€ri)Kl«la«r one of them con(4incd a Mmbm of'crael. 
M^on forging gndiifluret* Theirii^effef^^s j|ray« tore pat |i litlle in hreak-» 
^oiuTn^ othoHiiife jrhlky end mmtfkeYy denie, A (mall 

bar oi peidinife iiaeieas improved in drawing down^ 

and had na^p^e^aok in thirteen incim of length* 
giain8iid;iM&ore were both h^ly improved by this addx-* 
tfonal labepit $ the tenaeity of the fteel waB greater, and it 
Apod ^ntvfy e^cr the hamiaft at a bright red heat* 

The ofcber twg quarters of tbi« caLp iwere fquared a Iilllef 
and iitcceiSveAy put undm* a till hammer, of two handred 
weight, going at the lat# of three hui^Hlred blows per mmute, 
and drawn into fmall penknife ftae. One of the bars from an 
oatiide fiiece, a1aa38 the moft iolid, is as entirely free trom 
cracks, and had only one fmall fcale running upqn one tide. 

Tbefe bam exhibited a tougher break, than tbofe drawn by 
band I the cdlour was whiter, and the gram pofletTed a moia 
iegolar and Alky appearance. 

(To be continued.) 


1 hone receited a lettep from Mu Boswaii*, la wMch 
i^^acprcjfini 4a opimm, that tt is unfaa in the Old C&rt^fipondttf^ 
wbiQfb'kttct appealed m our lajl Number to hate applied Mu 
apeieigif to me particular pat t of his paper; as ha conceives, that 
% aught to have been cof^dcred as indicating the Jpirit tn which 
tptgMe oommumcutim was written. 1 haze wfcrted thisjhort 
nafhe out of r^e^ to the vi itei ; but haze declined infit tmg the 
hetXHf/i the contf acesfy can have nojarther importaape 
ip dbiSmdtre qf thu Jotanal, pfiet theJUlgc^ iifelf has hem 
rsAaq/icd. 
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I- AXtMUM DENSITY OF WATEE* 

Ife WM Erft The fondemental fa^l on whieb the fuppofitiln i\graanded, 
emcsdbyDe announced meny years ago by^Mr. De^Luc; 

namely^ that (Be temperalttre al which the denfity of water is 
a maximum, is coniiderably higher than that at which that fluid 
freezes, is indea^ fo very extraordiodlry# a^d appears to be the 
caufe of fo mt^jt interefling phenomena, that too much pains 
cannot be taken to put it beyond doubt* ,, 

Kew methdjl ef As the methods hitherto u(ed for determining that important 
proving It* point have, by tome at lead, been coniidered as infufiicient, 
1 (hall take the liberty to propofe anbiher, by wbicH the 
in queflion may, I think, be demonflraied directly ; and with- 
out any nice calculations, or any very difficult or delicate ex- 
periments* 

Let thd following experiments, (which it will be eafy to 
repeat) fpeak for Ihemfeives* 

Apparatus. In Having provided a cylindrical veflel, (A Fig. I. Plate XU.) 
thm™1mdric5 «bove, made of thin flieet brafs, which is 5f inches in 
hiafs veflel, a diameter, and four inches deep, fupported on three drong legs, 
thin brats cup j j inches high ; I placed in it a thin brafs cup, (B) two inches 
IS uppor * diameter at its bottom, (which is a little convex down- 
wards) 2 TV inches wide at its brim ; and I inches deep $ 
which cup (lands on three fpreading legs made of drong brafs 
wire, and of fuch form and length, that when the cup is in- 
troduced into the cylindrical velTol, it remains firmly (ixed in 
the axis of it, and in fuch a (ituation, that the bottom of the 
cup is elevated jud 1| inches above tlie bottom of the cylin- 
drical vcflTel. 

In the middle of jp the middle of this cop there /lands a vertical tube of 
/uppoited^'*^ Ibkl flieet brafs, | an inch in diameter, and -fi; of an inch in 
length, open above, which ferves as a fupport for another 
fmaller cup (C) which,h made of cork ; the brim of which is 
on the fame horizontal level with the brim of the larger brafs 
cup, ill which it it placccL * 

«R hemi(|pherictl Ibis cork cop, wiiicb it fpherical, (being fomelhing lefs 
cup ©f cork, 1I1311 half of an hoUow fphere) is one inch in diameter at its 
brim, meafured within y% of an iiidi deep, and | of an inch 
•n Etoknefs. It is drmly attached to ^ vertical tabe on 
whhdi it /lands, by means of a eyltndrical fool, f an inch in 
diameter, and i of an inch h%h ^ w ktoh^ is 

employed, eaters into tlie cqisening qf the eerit«*.lobe* 


On 
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On mm Adoof this cork cUp thoro U a fmall o|ieniA{» wWd* 
rOQietvos, and lit ivhtcfa U confiaod tho low/r extremity of the 
tube of a fiaali mercurial tbenaometer, (D). The bulb of 
lh» IhermcNaeteri which it fphertcal, is juA of an inch in 
dtameteTt and it is lb Ixed in the mtddle of the cup, that its 
centre is juft | of on titch above (he bottom of the cup ; con* 
fequently it does not touch the cup any where^ nor does any 
part of it projeA above the level of its brim. 

The tube ot this tharmomeler^ which is (ix inches iti length, « thermometer* 
has an elbow neal^ its lower end* at (he diftance of ohe inch 
from its bulb, which elbow fbrm^ an angle of about 110 
degrees, and the thermometer is fo fixed in the cup, that the 
(bort branch of its tube, namely, that to the end of which 
the bulb is attached, lies in an honxontal pofition^ while the 
longer branch (to which a fcale, made 6f ivory* and graduated 
according to Fahrenheit is affixed,) projedts obliquely upwards 
and outwards, in fuch a manner that the freezing point of the 
fcale lies juft above the level of the top of the cylindrical 
\*eftel In which the cups ar^ placed. 

The cork cup, which was turned in the lathe, is^neatly Other 
formed* and in order to cloTe the pores of the cork* it vTas ^ 
covered* within and without* with a thin coating of melted 
wax ; which was poliftied after (he wax was cold. 

The thermometer was fixed to the cork cup by means of 
wax, and in doing this, care was taken to preferve the regular 
if^rm of (he cup* both wiftiin and without. 

The vertical braft tube which fupports this cup in the axis 
of the brafs cup, is pierced with many holes, in order to 
allow a free pafiage into it, and through its fides* to the 
water employed in the experiments. 

Having attached about fix ounces of lead to each of the This apparstni 
l&jp of the bri^s cup, in order to render it the more Oady in ‘ 

it$ place, il was now introduced sSith its contents, into the »«nied wids 
cyiinddcal veflel, atid the vefTel was placed in an earthen”* 
befin (K) fitveo inches in diantetef below, 1 1 inches in dia* 
aaeter at its Mm, and five inches deep, and was farrounded 
on ail fktei frith pponded ice. 

Severri flat calm of flilid ice ffere now put into the ey. ice 
Ihnirical apon tu bottom, and onder^ 

the bottomV die bnifecap, and a citcidBr row of |ther long veae\*a aet ‘ 
piecet of ke tme placed, in a vertical pofltian, rouhd the “ « . 

Q 2 Mtfide^fMrwsspoarcA 
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into all the re- oulfjde of the brim of the brafs cup, between it ^nd the 
mauling rpacc. vertical fide of^he cylindrical vefiel, which v^Jrlical pieces 
of ice reached upwards to within about of an inch of the 
top or brim of the cylindrical vefTel; and when this was 
done, ice-cold water was poured into this vefifel (ill the furface 
of that cold fluid flood jufl one inch above the level of the 
brim of the cork cup,— Both cups were of courfc lobmerged 
and filled with ice-cold water, and furrounded on all fides by 
foKd cakes of ice. 

*rhe cups re- After things had remained in this fituation more than an 
merged which time the cold water in the cylindrical 

hour. vcfiel, and (hat in the cups, was frequently agitated with 

the foft end of a firong feather, and the cups and the water 
in every part of the velTel appearing to be exactly at the 
temperature of freezing : 1 proceeded to make the follow ing 
dccifive experiment. 


Experiment 1 . 
A cone of metal 
a( 41^ was 
plunged in the 
ice-cold wateri 
juft above the 
i'Otk cup i 


It was forefeQOt 
that if the water 
in concudt with 
the cone became 
denier by th' 
heat, it would 
defeend and 
raifie the tberv. 
momrter. , 


Experiment, No. 1. 

A folid ball (F) of tin having been provided, two inches 
in diameter, with a cylindrical projeftion on the lower fide of 
it, one inch in diameter, and half an inch long, ending in a 
conical point, which projeflcd (downwards) half an inch 
farther ; this ball (to which was fixed a flrong iron wire fix 
inches in length, which ferved as a handle to it,) having been 
made to acquire' the temperature of 12^ F. by keeping it 
immerled near half an hour in a large quantity of water 
that temperature, was placed as expeditiouily as poflible over 
the middle of the cork cup, and in fuch a fituation that the 
whole of liie deicending conical point (half an inch in length) 
was immerled in the ice-cold water in the cylindrical vefie), 
the extremity of that point being jufl half an inch perpen- 
dicular above the upper fide of the bulb of the thermometer 
which lay in the cork cup. 

1 knew that the particles of ico-cold water which were 
thus brought into contact witir the conical point, could not 
fail to acqiiire fome fmalt degree of heat from that relatively 
warm metal ; and I concluded, that if the particles of water 
ib warmed fliould in fad become heavier ilian they were be- 
tore, in confequence of this (mall incr eafe g jf temoeraluse. 
they roufl ncceflarily defeend in "the jfdrrpdndif^ i^h ter ice- 
cold lir^uid, and as the heated metallic point was placed 

directly 



MAXIMUM DENSITY OF WATIR* 


229 


difeflly^oref the cork cupl and fixed iniAoveably in that 
filoation^ I ft^efaw that the defcending currcait of warm water 
mad necefifarily fiill into that cup. and at length fill and 
that the prefence of this warm water in the cup would be 
announced by the ridng of the thermometer. 

The refolt of this very ittierefiing experiment was juft ' 

1 expelled : the conical naelallic point had not been in cental in the 

with the ice-cold water more than 20 feconds, when the cup} 
mercury in the thertnocfietcr began to rife, and in three minutes 
it had rifen three degrees and a half» namely, from 32^ to 
when five minutes had elapfed, it had rifen to 36^, when an 
end was put to the experiment. 

Another fmall thermometer^ placed juft below the fur- 
face of the ice-cold water, and only of an inch from the 
the upper part of the conical point, on one fide of it, did not furfacc of the 
appear to be feiifibly a/fedled by the vicinity of that warm * 
body. 

A third thermometer, the bulb of which was placed in the nor another near 
brafs cup, juft on the outfide of the cork cup, and on a level [{j® 
with its brim, fhewed that the water which immediately 
furrounded the cork cup, remained cohftanlly at the tempera- 
ture of freezing, during the whole time that the experiment 
lafted. 

As I well knew, from the refults of the experiments on the The metal at 
propagation of heat in a folid bar of metal, of which an ac- he 

c^mnt has been given in a memoir prefenled to the fii ft clafs fjmc temp. 
of the National Inftituteof France, on the 7 th of May 18()4>, 
that the ice-cold water in this experiment could not poftibly 
acquire from a cental with the conical metallic point, a tem- 
perature fo Ingh as that of 42®, I was by no means furpril'ed 
to find that the thermometer belonging to the cork cup rofe 
no higher. # 

In order to fee if it could not be made to rife not only A fomewhat 
higher, but alfo more rapidly, by employing the metallic ball f™' 

heated to fuch a temperature as it might by fuppofed would applied, 
be fufficient to heat thofe particles of ice-cold water which 
fhould come into contadl with its conical point, to the tem- 
perature at which the denfity of water is fuppofed to be a 
maXimum^JlS lowing experiments. 

Experitncnt^ ' No. 2. , ’ 

Having removed the ball, I gently brufiicd away the warm Experiment z. 

water, which, in the laft experiment had been lodged in the *^'5 f«rme.r cx- 
• ‘ ^ . pjeriment wai 

cavity 
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repetted) the cavity of the corl cup, (and which ftill remained thex<», ao 
eTtoto"! evident from \he indicaUDn of the thermometer bdodg;* 

ing to the cup,) I f^aced feveral fmalt cakes of ice in the 
cylindrical veffel, which ice floating on the fiirface of tlm 
water in the velTel, prevented that water from receiving heat 
from the air of the atmofphere, which at that time was at the 
temperature of 76^ F. And as the Cork cop had been a lilite 
heated by the warm wafer in the foregoing experiment, time 
w'as now given it to cool. 

As foon as the cup, and the whole mafs of the water in the 
cylindrical velTei appeared to havit acquired the temperature 
of freezing, I carefully removed the cakes of ice which' 
floated on the furface of the water, and introduced once more 
the proje^ing conical point belonging to the metallic ball into 
the ice-cold water in the veflel, placing it exafily in the 
fame place which tt had occupied in the foregoing experi- 
ment ; but this ball, inilead of being at the temperature of 
42" F« as before, was now at the temperature of 60" F« 

The eflfcfl was The refult of this experiment was very ilrikkig» and if I 
much miftaken, affords a direfSt, unexceptionable, 
^bie. and demonflrative proof, not only that the maximum of the 

dienfity of water is in fad at a temperature which ia feveral 
degrees, above (be point of freezing ; but alfo, that warm 
currmits do adually fet downwards in ice-cold walert whenever 
a certain fmall degree of heat is applied to tbe particles of that 
fluid which are at its furface. 

Particulars. The conical metallic point had been in its place no more 
(ban ten feconds when 1 diflindly faw that the mercury in (he 
thermometer belonging to tbe cork cup was in motion ; and, 
when SO feconds had elapfed, it has rifen four degrees, viss. 
from 32^ to 36". 

When two minutes and a half had elapfed, (reckoning 
from (he moment w hen the metallic point was Introduced into 
the cold water,) the thermometer had rifen to 39", and at tbe 
end of £k minutes to 39p, when it began to fell; but very 
flowijf however, for at the end of eight minutes and a hedf it 
was at 39|®. • 

A tkennomf^ter- A fmall mercurit)! thermometer, the bulb of which was 
.oTth^evp placed on onp fide of the cork eup, of about 

not altet^ed. ^ oi ah inch from il, (hewed no figns of being in the lead 
needled by the he^t communicated to the ice-cold water by 
the neiallic ball. 


* 'Thi 



MAXIMUM DXKSITT OF WATIj 


2SL 


Thfa <Ai:]M»rittent was repeated three time! the fame day, 
(ih64ddi ef ioiie. and alway$ with /early the fame 

refults. 


TiM neui edalto of tbef« four experimeiiU were as follows : Tabuisted tc- 

f«It8 of the ex- 

Timed^ Tempentare of the Jlat^Twithrt 

reckfmed tan water in the cork cup» the cone xc a io 

the begtolijng of as ihewn by the thcr- heat, 

the experiment. mOmeter. 

^ Min* Seco * • 

0 

0 

* m m 
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m 
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began to rife 
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(» 
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■e m 
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As I had fouAd by fonie of my experiments made in the Whether t much 
year 1797 g of which an account is given in my feventh fhc^J^etiirwouU 
part I. chat water at the temperature of about 42? F. and aft'eA the water 
confequentTy what we (hould call very cold, melted 
ably more ice, when (landing on it, than an equal quantity of 
boiiing hot water, in the fame (Itaatioir, 1 was very curious 
to fee whether the thermometer, the bulb of which lay in the 
cork cup, would not alfo be lefs heated by the ball when it 
Should be applied leiy hot, to the furface of the water, than 
when its temperature was much lower. 

To determine that point 1 made the following experiment. 


E^rmciA, No. 3* / 

The cylindrical veflel with its contents having been once Experiment 3. 

moce redotM to the uniform temperature of freezing water, experiment 
...... , , , , . repeated with chft 

the meUlbc ball wSs heaCed in boiling water, and being as cone heated to 
exj^ditioufly as pblTible tatken out of that hut liquid, its^i^** 
projefling^ntc^f' ^Uiot was fuddenly fubmerg^d in the ice- 
cold water, as in the former experimenU. ^ , 
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The refuU of this experimeiti was very intereftinf^ and it 
feems to me to {[irow much Itfht on the fubjedtyf tbefe inveC* 
tigations. 

'Efket on the It was not till 50 feconds bad elapfed that the thermometer 
tbr^"mttch began to (hew any figns of rifing, and .at the end of one mi- 
^ nute and feven feconds it had only rifen two degrees. 

In the foregoing experiments, when the metallic ball was 
fo much colder, the thermometer began to rife in ten (econds, 
and at the end of one minute and three feconds it had riCen 
live degrees. 

This difference is very remarkable ; and if it does not prove 
the exigence, and great efficacy of currents, in conveying 
heat in fluids, I muA confefs that I do not fee how the exifl* 
ence of any inviflble mechanical operation, the progrefs of 
which does not immediately fall under the cognizance of our 
fenfes, can ever be demonArated 

As the experiment made with the ball heated in boiling 
water appeared to me to be very inlereAing, I repeated it 
twice, and its refults were always nearly the fame* 

The mean refults of thefe three experiments were as fol« 
lows: 


Tabulated re- 
falts of exprri* 
snrnts repeated | 
vith the Cone at , 

a coniidcrabl^ Time elapfed. 


heat. 


reckonid from 
the beginning of 
the experiment. 


At 

At 


Temperature of the 
water In the cork cup, 
as Ihewn by the ther* 
mometer* 


Min. 

Sec. 



0 

0 


32® 

0 

50 

the thermometer begun to rife. 

32+ 

1 

2 

had rifen to .... 

33 

1 

7 

- ^ 
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1 

18 
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35 

2 

2 


3$ 

3 

2 
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4 

17 


37 

6 

12 

. 

38 

7 

17 


3a| 

9 

0 

• - 

36} 

12 

0 

. 

S8j 

14 

0 


38J- 


'tJortnpSmivc 
view at the cx- 
perimencs. 


By comparing the mean refults of thefe experiments with 
the mean refults of tbofe in which the ball was at the tempe-^ 

raturo 
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ratare of.'^eo®, we may fee hflfW much more rapidly the tlier- 
mometer Jo thi cork cup acquffiKt heat wben/the metallic ball 
was rtlativeUf cold than when it was at the temperature of 
boiling vrater ; and rt is more than probable that it was not till 
after the conical metallic point had been confiderably cooled* 
by a contain with the ice-cold water* that thofe flreams of 
moderately warmed water began to defccnd from it, by which 
the thermometer was at length heated. 

In the e\periments miade with the ball heated in boiling When the wry 
water* a fmall thermometer* placed juft under the furfiM?e of 
the ice-cold water, on one fide of the metallic point* began meter at the fw- 
to rife very rapidly as foon as the hot ball was fixed in its^*“ *****®^% 
place; but another thermometer placed about half an inch — but a lower 
lower* on one fide of the cork cup, remained to all appear- 
ance at perfedt reft* from the beginning of the experiment to 
the end of it. ^ 

The es^planation of all thefe appearances is fo eafy that it Explanation : 
would be a wafte of time fo fay much on that fuhjcdl. It may 
however be ufeful to recapitulate the priiK:ipal phenomena* 
and (hew in what manner they tend to eftablifli the faffs which 
they are brought to prove. 

Every body mu ft fee* at the firft glance, that in all IhefeTh^thcflighiTi 
experiments the heat which caufed the thermometer to rife was 
carried down into the cork cup by defccnding currents of 
warm water; and it is evident that water which delcends 
tnufi of neceffity be fpecifically heavier than tliat in which it 
defeends. 

From the refults of Ihefe experiments wc may conclude that— and thegr«at- 
the denfity of water is a maximum when that fluid is at a 
perature fomewbat lower than that of the J'orl/et/i degree ot • 

Fahrenheit's thermometer. 

In all the foregoing experiments* more or Icfs warm water 
defeended through the ice-cold water into the cork cup; but 
the refults of the experiments which were made with the me- Hotter water it 
tallic ball heated in boiling water* fliew evidently that when 
the pso'ticles of water at or near the furface of a quiefeent mafs 
of ice-cold water* aie by any means heated to a temperature 
feveral degrees above that of of the fcale of Fahrenheit* 
fucif pariicl^* fo -healed, become fpecificatl)' lighter than ice- 
cold water, and confec^uently cannot defccnd in that cbltj and 
denfer liquid. 
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With the hot experlbonts in qadlki^, (with the hot bi^) fome of 

thcparticletof tVeweter^ irno^ily* dittfe 
«a ana ^ cooicri flietallic (xoint» weto heated toa higtier 

lieended. temperature than that at which they were dii^ed to fink in 
ice-cold water; and ihefe rofe and fpread themfrivet orer the 
fiirfaoe of the cold liquid; but others^ which happened to 
acquire lefs heat, defcended in tt^ and after filling Ihe cork 
cupi overflowed, no doubt its brim, and then defcending to 
the bottom of the brafs cup, and coming into contad with 
that ice-cold metal, were there cooledf and there remained 
at reft. 

4brk a g^od As cork is an excellent non-condudor of heat, the warm 
aon-coudtt^r. water accumulated in the cork cap daring an experiment re- 
tained its beat a long time after the heated ball was removed, 
tiotwithftanding its king furrounded on all fides, and even co- 
vered immediately by ice-cold water; (wbtch by the by ts a 
pretty ftrong proc^ that water U by no means a good oendador 
CaudoDi* of heat) care however was taken, not only to remove this 
warm water after each experiment, by bruihiiig ft away with 
the foft end of a ftrong feather or cpiiU, but alfo lo cod the 
cup, and reduce it to the temperature of freezing water; 
which laft operation was found to be much accelerated by 
bruftiing it out frequently writh the feather. In Order that this 
feather might itfelf be ice-cold, it was fuffered to remain con^ 
ftantly in the ice-cold water, in the cylindrical veflM* 

Apparatus bp I ™uft not forget to give an account of the means ufed for 
which the cojie fixing the metallic ball in its place. This was done in a very 
was axed. fimpje and effedual manner. A flip of ftrong tin (G H) fix 
inches long^ and 2$ inches wide, with a circular hole in the 
middle of it, one inch in diameter, being laid borizonlally mi 
the top or brim of the cylindrical velTel, in fuch a manner that 
the center of that circular hole coincided widi the axis of the 
cylindrical veflel, the ihort cylindrical projedion beipngitig to 
the ball being introduced into that hole, the baft Was firmly 
fupported in its proper place. 

The quantity of ice-cold water in the cylindrioal veffsi was 
fo regulated that the whole of the conical point being fuk 
merg^, the fuiface of the water was on a level with the lower 
end of the cylinder, or, which is the fame with* the 

bafe/)f^'the inverted cone. 

4 


When. 
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When tuA onlv the whole of the eonical poinl^ bat a part The conical 
alfo of the ihoit ^Knder were imaerfed in ihc ice-cdd water, he*iminMicd 
the warmed water appeared to. be thrown tnto.eddies in its de- metal. 

(cent^ whidh difperfiog about prevented its hilling regularly in 
one eofltlmied flream into the cork cup. 

To €mctu4e» I would juft obferve^ that although the fore* It is not cafy to 
going experiments appealMo me to be perfe£tly «n«'’tception- 
able, and that their refuhs aiBfbrd demonftrative proof of the elevatied temper- 
fads which they were cdntrived to eftablifli; yet, when at-*^"* = 
tempts are made by experiments iimllar to ihefe, to determine 
whether heat can be made to pafs dotvjnwards in water which 
is at a higher temperature then that at which its deniily is a , 

maximum, difRcuHies occur which appear to me to be quite 
infurmountable. 

The fluidity of water is fo perfedf or the mcd}ility of its 
particles fa great, that the liquid at the furface, which is iiift g^eady mosffy 
heated rarefied, immediately fpreads far and wide, and the eUVAsi 
meeting with the itdes of the containing veftel, heats them, 
atidf tfhis heat, ib acquired, making its way downwards (as 
wen as upwards) in the (olid fubftance of which' the veftel is 
€^onftruded, raifes the temperature of the lower ftrata of the , 
fluid in coiitad with it, which moving towards the axis of the 
veftel, communicates heat to a thermometer placed there, be- 
low the fuiface of the water. 

That thefe various operations do in &d lake place, nobody Fafls which 
can doubt : and it appears to me to be the more probable that 
alt the heat which a thermometer placed below the furface cffiderabJe heats 
warm water acquires when a great degree of heat is a^iplied 
to the particles of that fluid which are at the furlacc, is in fafl wards through 
received from the fides of the containing veftel, not only be* '*^^**'^ 
Ciitufe the thermometer acquires heat fo very ftowly, but alfo. ^ 
and more efpeciaiUy, bccaufe this heat is acquired much more 
flowly when the containing veftel is wide than when it is nar- 
row ; and alfo when it is made nf a fubftance which is a good 
condudor of heat than when it is conftrufled of a fubftance 
which la. a bad condudlor of heat, as 1 have found by experi- 
meitt. But as this particular enquiry is foreign to my prefent 
pur[^fe, Ifliall not enlarge on it in this place. 


Defcription 
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V 

BARKISOK^S^BOTANICAL PRE6l. 

IL 

Dejbripllon qf a Pre/s far prejirving botanical Su^eSUf with an 
Account qf the Succefs of the Improvement in the Art qf 
ing pointed out by Mr. Jessof in this JournaL In a Letter 
jlfr« Tho» Harrison. 


To Mr. NICHOLSON. 


SIR, 


Intr^u^ory SeING defirous to male a coIle6tion of the plants which 
M. on preferv- grow in the neighbourhood of Kendal, and to prcferve them 
iog plants. herbarium, I was naturally led to a conlideralion of the 

different methods, which have been ufed by botanifls, of 
drying and preferving fpecimens ; but finding none fo com- 
plete and expeditious as I could with, 1 therefore adopted a 
plan of my own, which I am perfuaded will be found to an- 
Iwer every purpofe that the botanifl can require. The real 
utility which is to be derived by a young botanifi from the 
prefervation of plants, is the power of future examination, and 
to^anfwer the purpofe the natural appearance of each fpeci- 
* men ought to be preferved as calculated to produce this effect} 
for fince the feed-vefiels and items of plants occupy much 
more fpace in thicknefs than the leaves, in order to preferve 
the latter from ihrivelling, the two former muft generally be 
bruifed in fuch a manner as totally to preclude any accurate 
invefiigation afterwards ; and this on trial is found to be the 
cafe : befides, all the plants that happen to be in the prefs at 
the fame time, however various their texture, are fubjeded 
to the fame degree of preiTure. 

Remarks on the The plan recommended by T. Velley, Efq. Teems equally 
methods now in exceptionable ; 1 mean the method of placiitg the plant when 
freih between feveral flieets of blotting-paper, and ironing it 
with a large fmooth heater pretty firongly warmed, till all the 
motfture is difiipated. By this method it is evident that the 
parts of fru£lificalion mull be much bruifed ^ it may preferve 
the colour of the blolToms better than any other, but this in 
the fcience of botany is not very eflential, at lead if it was, { 
believe that no method hitherto difeovered will 4brcced '"unt^ 
verfallj: in arreAing the fading beauty of delicate dowers. 
The*next plan which is given by Dr. Withering, is one ufed 
t by 
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by a Mr.Whiteleya furgeont but his contri^nce> though 
certainly better «dapted to preferve the parts pf fru6lification 
and the fhape of the flem entire than the two former, 1 found 
would take up much more time than a country furgeon can 
well fpare ; therefore this led me to make what I thought an 
improvement on Mr. Whateley^s plan, and the euperienced 
botanifl is left to judge of my fuccefs from the following de- 
fcription ; this I can fay for it» that it anfwers completely (of 
courfe) to my own with > but further, that Mr. John Gough, 
of Middlefliaw, who has the bed collection of plants in this 
county, regrets that he had not the fame contrivance, and 
has urged me much to fend you the following defcription of 
my prefs. 

This inftrument confids of 17 oblong boxes, each, except- The author’s 
ing the uppermofl and lowermod, is made of four fides 
well-feafoned oak wood, two inches deep and one-fourth of tiits of a fcrirs of 
an inch thick, dove-tailed together; the two end-pieces <>f j[*Jing\an*but 
which have two notches each in the middle wherein to place the loweft) can- 
the finger^ in lifting it ; and the bottom coniifts of canvas 
glued and nailed to the wooden frame : in each comer is fixed fand, and the 
a fmall triangular piece of wood reaching half an inch from jJ*!JJ*g*^j** 
the bottom upwards (for a purpofe hereafter to be explained), 

Thefe boxes are made fo as to be placed one within another 
fucceflively upwards, the loweft (1 am fpeaking only of the 
JS with canvas bottoms) meafures 20 inches by J6 on the 
oulftde, and the higheft 12 inches by 8. The bottomeft, or 
carriage on which all the others are fupporled, is much 
ftronger, the fides of it being two inches deep and iliree quar- 
ters of an inch thick : its bottom is of wood of the fame 
thicknefs, all over perforated with holes one-third of an inch 
in. diameter, and refts on four iron caftors, one at each cor- 
ner, to render th| whole more eaftly moveable ; at each end 
of it there is an iron handle; This box is 20 inches by 16 
within, and will therefore barely receive the largeft of the 
boxes with canvas bottoms. The uppermoft, or 17th box, is 
of the fame conflruAion as the canvas boxes, excepting (hat 
its bottom is of wood qf the fame thicknefs as its Tides, with a 
number of boles pierced through of the fame magnitude as 
thofe in the carriage, and canvas glued to the under fide of if. 

To complete this prefs, twt^ folds of blotting-paper are^o^bc ^ 

T placed 
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placed over ^be boles in the bottom of the csr)rmg«> in whicfaj 
as well as all the cEnvas-boxes^ muft be put can inch ijn depth 
of the fined iand^ wafiied and fifled; fiv^r fand is moil 
eligible* as being lead angular; which fund mufi be made 
level on the top by drawing over it a rule that reaches one 
inch into each box ; thefe boxes are placed one within another^ 
auid each by containing an inch depth of fand* taifes the in* 
cumbent frame one inch, fo that when they are thus charged 
and placed one upon aiKither, the whole makes a truncated 
pyramid of 18 inches in height* and weighing about 1 cwt. 
Tbe^uppermofi box may be filled with fand* or* if more 
^weight be necelfiiry* with (hot. To this box 1 have added 
(what is by no means eflential) a cap* confiding of the fides 
of three boxes fixed one within another* each projefting one 
inch above its inferior* for the fake of unifermity ; the top is 
covered by a thin board : when this cap is placed upon the 
uppermofl box* the whole has not an inelegant appearance* 
Rcfermcetothe the defeription (hould not be fufficiently clear* I hove 
engraving. fetched the following figure* reprefenting a perpendicular 
fcfiion of the prefs viewed on one fide of it JPiatc AT* 

Fig, ] . reprefents a perpendicular fedion of the prefs made 
length wife. 

a. The end of the bottomed box or carriage* 

h. Its bottom part perforated with holes. 

c. The end of the fird box with a canvas bottom* 

d. The canvas bottom. 

r. The fand which but half fills the box. 

/. The 17 th or uppermoA box* with a perforated wooden 
bottom* 

ggg* Reprefent the end of the cap formed of (he frames 
of three boxes* in the empty fpace of which may be placed 
the botanid's pocket box* ^ 

Fig, 2, reprefents the role wherewith the fand is made kvd 
in the boxes; it is 18 inches long* 
hm A notch one inch deep, 
t* The edge made thin. 

i, A notch an inch long. ^ 

Fig, 3. reprefents the end of a canvas box. 

i I, The two notches to place the fingers in when (he^ box 
if to te lifted* 

• • m 
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, The Method qf vfing it. 

* 0 
After a fpeciiifeii is Telexed, a (lip of paper is to be at- Method of ufing 

tached to it, containing its name, place of growth, and time 

of gathering. The boxes are then to be taken olf by three or Uid betv^cen 

four at A time, until the nu mber removed may be j udged to be /rc?fu« 

ot* fufficiept weight Xo produce the necetfary prefTure. On the regulated by the 

fand in the box thus feleded for ufe, a (ingle fold of blotting- 

paper mud be placed*; upon that the plant, taking care to * 

preferve as much as poffible tlie natural pofition of its cbarac- 

toriftic parts : Over the plant a fecond fold of paper muft be 

laid, and then the boxes are to be replaced. It the plant be 

woody and require much pretTure, place it near the bottom ; 

but if fucGuIent, near the top ; and lierein condds one great 

advantage of this prefs over every other, (ince the prelTure can 

be feleded or varied at pleafure, and all the parts of the plant 

pretfed equally ; for if the plant be fucculeiit, the preflfure can 

fcarcely be too (light at (irll, and may be gradually increafed 

without ever bruifiiig the tendered part; and if, on the other 

hand, drong prelTure be required, li\e plant may be placed 

in the bottomed box ; and if the weight of fand be not thought 

fufficient, any number of the boxes next above it may be 

loaden with fmall diot, by which the preiTure may be increafed 

until the boxes be full, when the pretTure exerted would be 

much greater than the dronged plants could bear without 

having Tome of its clTential parts defaced. Another advantage 

which led me to give a preference to this method of prefling 

plants, was the great faving of time ; for though my profcl- 

(ional avocations (hould require my immediate prefence at a 

dtdance, and thus drag me from this innocent amuiement 

when in the bufied part of clafling and arranging my fpeci- 

men#, and thoi^h my prefs (hould be completely feparated 

into its^condituent parts, yet the whole can be arranged* in 

the fpace of one minute, (o remain uatil tlie next leifure time 

that may occur ; fo that, in fa6l, with (his contrivance, botany 

is a dudy that can be entered into or given up as it may fuit 

the convenience of moment ; which is not the cafe where 

any of the plans deferibed in Dr. Wilhering^s Introdu£lion to 

the 6todyO( Botany * are followed. 

Third Edition. 
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II may be n^ceflTary to explain fomc parts of tb^flrufture 
^antaje8"of this prcfs. Tlje holes in the boltomeft and uppermoft boxes 

cootfivaDce* are to admit of the drculation of air and the evaporation of 
moiftare^ which will be confiderable when the prefs without 
its cap is placed within the influence of the fun or fire, as it 
always ought to be : and the fmail triangular pieces of woo4 
in the corners of each box, are to prevent the tipper boxes 
from preffing folely on tlie canvas bottom of the lowed 
box, when any number are lifted tcgether: tbefe may at 
firfl fight appear likely to impede the preiTure of the fand 
when placed in the prefs, but this obje61ion will vantfli when 
it is recollected that each box contains an inch depth of 
fand ; and it is evident, on examination of the prefs, that 
the iides of the boxes ferve no other purpife than to keep 
the fand together; for they arc perceptibly moveable in a 
perpendicular direction, and fuflain no preflhre from the 
fuperior boxes ; therefore the plant is placed as if in a heap 
of fund. 

The belt me- 1 am afraid I have already trerpafled too long on the atten« 
reader, bu^ I cannot dilinifs the fobject without 
bm ftitch ihem offering a few obfervations on the manner of prefer ving plants 
to a paper. dried. There have been at leaft three methods 

iifed: firlt, fixing them to paper by the aid of gum-water: 
fecond, placing them loofely in a book : third, ftilching them 
with thread to a (heet of pajHjr. The iiift plan appears to me 
the leafl eligible, for it cannot be neatly executed unlefs the 
plant be prelfed nearly flat, and by fixing it to the paper it 
can never admit of an accurate examination in future, but 
becomes a mere picture, and a very iraperfeCt one ; for almoft 
every diffinguilliing ebaraCter, efpecially the parts of fruCtifi* 
cation, are injured or defaced ; even the general habit is often 
fo much altered that (he plant could not be ak,^ertained, were 
it not for the name generally fubferibed at its root* The 
fecond plan is allb objectionable; for (hough the plant may 
at any time be fubjeCted to examination, yet by lying loofe in 
a book, it is very apt to be broken by (he leaft motion, par- 
ticularly when kept dry, which all prefe»-rcd plants ought to 
be. The third appears to me the leaft liable to objedion ; 
for if the plant be neatly ftitched down, it will nof'be fubJeCt 
to fuch^ motion as to injure its pans; and by cutting the 
* threads 
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(breads, it* may be detached irx>m the paper, dnd fubjedled to 
any future invdfiigation. , 

I fim, Sir, 

Tour’s, &c. 

Xendal, July S, THOMAS HARRISON. 

1S05. 


P. S. I cannot i^Fraifi from calling to the recolledion of Account of the 
your readers a valuable paper in the 9th Vol. p. of your 
Journal, recommending the ufe of fund in the blading of rocks, method of bijft. 
The effects there related of this fimple agent, I confefs did “ c’vb ,nJi- 
aitonilh me more than any thing 1 ever read : and as very le- jnumal by 
rious and even fatal accidents have happened by the method of j 

ramming blads with done in the limedone and dale quarries 
in this neighbourhood, I was delermined to repeat the experi- 
tnent the drd opportunity, and thus Aiew its ctfedts to the men 
who work in thofe places. Accordingly no long period 
elapfed before I had occaiion to be in the neighbourhood of 
the date quarries in Longiliddale, about ten miles from Ken- 
dall when I went to one of thofe quarries, taking with me 
a bag of fmall fand, confiding of pow'dered freed one ufed 
in this country to fcour pans with, and drew upon the done 
doors. I mentioned my bulinefs to one of the workmen who 
was then engaged in boring a hole ‘2 1- inches deep and about 
an inch cUameter in a dale rock ; the dratum was about 27 
inches thick, and reclined from the perpendicular about 20 
degrees; and this being the fird blad, it was confcquently 
firmly furrounded and fixed in on all lides by folid rock : The 
part that he wanted to throw out by the blad was fuppofed to 
be five ton weight : The dire6tion of the hole which he w^as 
boring was perpisndicular to the dratum, and therefore ele- 
vated above the horizon about 20 degrees. He fmiled at 
my propofalf but faid he would try the experiment to fatisfy 
me, provided I would pay for the powder if it failed ; but he 
feemed to think that 1 had a very poor idea of blading, to 
believe that a little light fand would anfwer the purpofe of the 
laborious and dangerous procefs of ramming which he bad been 
accudomedNo ufe. However, he charged his blad with pow- 
der in the manner he hoc/ been ufed to do ; i. e, into hole 

Vol. XL — AugosTj 1805. R * of 
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of inches I'nWpllii he put a<mui‘h poWtier, together with 
(wo or (liiec pie^'cs ot broken Hitks, ol half an inch diafheter 
arnl rth'»ut four or five inches lon^, as reached 12 inches up- 
ward'* . T’he flicks he introduced toi the parpofe of keeping 
the powder loofc in the holc% fo tint it might take lire more 
nearly all at (lie fame inilanl : Tnis donis he put in a charged 
flraw^ into the outer end of w'hich was fixed a match-paper; 
and laflly, he ( w ith a ftnirking countenance^ anticipating the 
}oy he expected to feel at my difappA)inttnent) filled up ttie 
Jiole With land. 1'he match was then fired, upon which Vre 
removed to a di fiance, and the powder foon exploded ; when 
he immediately exclaimed, from the {xiculiarily of the report^ 
though the was unfeeii by him, that the rock was as 

completely fliailercd as if the hole hud been rammetl with 
flone ; and a viow of the place veiificd the prediction. Since 
that time the plan has been adopted in (hat and mofi ,of the 
neighbouring quarries, with the u(e of fmall fand which is 
wafiiod out of the river tii floods, and the method anfwers as 
well as the old one which was attended with fo much danger. 
In one cafe the fand was thrown out twice without any efFeft 
on the rock ; the third time, the bole was rammeil in the ufual 
manner with ftonc, which was thrown outlikcwife; fo that 
the new piocofs foituiiatcl) loft no reputation. 

t have detailed thus much in conlitmaliun of the valuable 
paper beiorc metuioned, and in hopes that it may induce fome 
of your readers who refidc in the nciglibourhood ot mines or 
quarries, to endeavour to iiilrod‘KC this fafe and ealy method 
in lieu of the dangerous and tcilu.us one of ramming with 
flone, in which pro<*e(s we have had repealed infianccs of 
the iofs of limb, viiion, and even lifv itfeif: In the ufe ot 
fand tlv,n* is comparatively no danger, and by adopting this 
plan main a valuable life wilt be laved, • 


Defoipion 
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Dtfvriltiioii of aSiif tj/ Valve, cnniiih 2 intr a Vifciiu:)i Vnhc in the 
jhmv flok (f the Boiitr. Bj/ cS7r A. X, Euklckante. * 

In kfge boilers or cbppcrs, * where boiling tluiils are en- Largr F» nlers rc- 

clofed, a J'/fet^ valve is generally uled to prevent their biirft- 

itig> from an unexpe6tal exceflive force oi the elaflic fleam, cuum v.tlw. 

and, betides, a vacuum valve, to prevent their being com- 

pteflTed or crulhed by the weight of* external air, in the cafe 

of a fiidden condenfation of the vap«)urs. Tliefe two vaIvCvS 

are commonly fitted in two different holes in the bolter ; but 

as a more fimple, and confequeiitly more cdigible, method 

feems to be that of joining them together, I take the liberty 

to fubinit to the Society for the Encouragement ol Arts &c, 

the following contrivance for that purpofe : — 

a b, Plate XI L fig* 2. is a common conical fafcly valve, Dsfc/ptlon of a 
fixed in the boiler c d, having four openings, i i, which 
reprefented in a plan view in fig 3 : <?/ is the- metallic rod, offices, 
bearing the weight K K, with w'hicli tlic fai'vty valve is 
loaded, and extending ilfclf under that valve to/. h is the 
vacuum valve confifting in a plane circular plate, wdlh a brafs 
tube Hiding along the rod, anti pretfed by a fpiral fpring to 
the fafely valve a b (againfl which it has been well giountl in 
making it], doling in that iitualion the openings i i. 

Such being the conflru6lion of the whole, it is evident, that It Is a loadeil 
when the elafiicity of the fleam iiicreafcs, the two valves, 

upwards j having 

joined together, with the boles i i fliul, make but one, oppo- in its pia ca 

fine to the elafticitv of the fleam an united refiftance, which 
, , op^’ning down- 

IS regulated by the weight k k, in the common way ; but, on wards. 

the contrary, when by condenfation of the vapours a vaciuim 

is produced, the external air in prcfllng tiirougli i i, upon the 

vacuum valve g A, forces it down, and opens to itielf a pafliige 

into the boiler. 

The valve g k may eafily be made conical, like the other, 
if that form fhould bef preferred ; but in different trials, 1 have 
found plages, if well turned and ground together, join as per« 

* From the Memoirs of the Society of Arts for 18(A. The 
iilver medal was awarded for thh invention. 

R 2 


^-'61 y • 



244 > 


VaiMARY ANIMAL FLUIDS. 


feflly as can be deHred, being prefled by the unileif elafticity 
of the fpring arv^I the (team. * • 

The fame applied /V^. 4. is the fame contrivance adapted to a new kind of 
trivanxe?^* tn piflon, which, though I originally intended it 

for the ufe of Papin's digefters of a new conilrudlion *, has 
been, in a larger (ize, applied by me even to fleam engines, 
and is deferibed in the Philofopbicdl Magazine pf Decem- 
ber, 1803.t 

Other experi- I have lately begun, and flmll purHse, a fel of experimepts, 
*”*'”^^* with the intention of regulating by this fafety piflon, the 

quantity of admitted air to flre-grates, and to effecl, by that 
means, a new mode of regulating fhe fire, and the cladicity 
of fleam in boilers, with lefs expenditure of fuel and of force 
than ufua) ; of which idea a hint is given in the work and 
place above mentioned. The refult of ihefe reiearches I 
fhall at fomc future period do mytelf the honour of communl- 
cuting to the Society* 


IV. 


Ohftrraiions and Experiments for the Purp'fc of afeertaining 
the dc/iniir Characters of the primaiy Animal Eluids, aud to 
indicate their pre fence by accurate chant cal fejls. By Johs 
Bostock, AI, D, Conimumcaled by the Author, ' 

Great want nf The precillon which the analyfisof mineral and vegetable 
SnTinijUnaly^s^^ fubflances has attained, docs not appear to be yet extended to 
p.irticulaiiy of 

the riuuii, * Nicliolfon’s Journal, March, I80t. 

f The defeription of this contrivance being already publithed, 
it would be fuperfluoiis to repeat it. f only beg leave to add the 
following practical remark. A metallic pitlon, ^ well turned and 
fitted into a cylinder of exa^ly the fame kind of metal, will pro- 
bably have the fame degree of expanfion, cfpecially if hollow, and 
confequently will not incrcafe its friction in any increafed degree 
of temperature. But as in pra£lice the cylinder is commonly ex- 
pofed to a lower temperature than the piflon, heated by the fleam, 
a little increafe of friflion wilt take place by an incrcafe of heat; 
To prevent the cfFe^ of this, I have found it ufeful to employ for 
the piflon a metal of fomewhat lets expanfive power ^lian the cy- 
linder: ^uiid the expanfion of red copper being to that of brafs 
nearly as 10 te 11, I prefer making ]che piflon of the former metal, 
when the cylinder is made of brafs. 
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the j^roduds pf the animal kingdom. This remark may he 

applied both to the folids and fluids which ccAnpofe the animal 

body, but it is the mod applicable to the latter clafs of lub- 

ilances. ^ The terms ferous, mucilaginous, gelatinous, &c. 

are employed, even by the moft edeemeJ medical and phyfi- f 

ological writers *, In a vague and indeterminate manner, 

without attending either to the original import of the word, or 

to the reftrifted meaning, which it is necelFary to impofe upon 

popular expreliions wdien they arc adopted in feientihe re- 

fearches. The objedl of the prefenl paper is to afeertain a 

definite charafler for what I propofe to call the primary animal 

fluids, and to difeover delicate and accurate tells, by which 

their prefence may be cafily and certainly indicated. By pri- Primary anlinal 

mary animal fluids, + I mean thofc into which the compound ^“‘**** 

fluids exifling in the animal body are capable of being refolved 

by the application of diflerent re-agents, without decompoling 

them into their ultimate elements. 

Albumen* 

The firft of the animal fluids which I propofe to make the Albumen, 
fubjcdlof my inveftigation is the albumen. With the excep- 
tion of water, no fluid appears to enter fo largely into the com- 
pofition of the animal body. It forms a very conliderable pro- 
portion of the blood, and is found in greater or lefs quantity 
in nearly all the fecrctions. It is alfo capable of afluming the 
folid form, without undergoing any change in its chemical 
properties; in this (late it conflitutes (be balis of all the mem- 
branous fubflanccs, which are fo extenfively dirperfed through 
every part of the fyflem; it compofes the cellular lilfue into 
which the earth of the bones, and the fibrous matter of the 
mufcles are depofiled, while it enters largely into the flruc- 
(ure of the fkin,«the glands and the veflels. At prefent, how- 
ever, we (hall dirc^ our attention to it while in the liquid 
form. 

* Even Mr. Abernethy, in his late valuable work on tumors, 
fpeaks of the gelatiiKAW part of the blood, where I conceive f?om 
the context, there can be no doubt that he intended to 'dcTignate the 

f All the animal fluids, *both primary and compound, afe merely 
folutlons of a folid body in water; but thofe fubflaaccs whTch aic 
.moft fiequenily feen in a ftatc of folution, have very generally ob- 
tained the title of fluids. 

In ' 
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Mo(^ convent In order fo obtain it in a date of parity, I bad recourfe to 
cfitly obtained vvhitc of a fubflancc to which the name of albu- 

egg. men was ongindily applied, and which is Itul cofi&terea by 

the inoft eminent chemiils ^ a*! compofed entirely of this fitb- 
Aance. In order to afeertain how far this opinion was correQ> 
I kept a quantity of (he while of the egg in a temperature of 
212^» until it was firmly coagulated. It was then cut into 
fmall pieces and placed in the upper part of a narrow.jiecked 
funne], when a few irops of a brownifh vifeid fluid were (e« 
parated from it. Other pieces of the fame coagulum were 
kept for feme time in boiling water, the fluid being then paffed 
through a hltre, had acquired a light brownifh colour, and a 
faint odour; when agitated it was (lightly mucilaginous. By 
■White of li flow' evaporation, a fmall quantity of a brittle, fenii-lranrparent 
not pure albii- f^hflance was obtained. It appeared therefore evident, that 
a little of matter the white of the contains a (mall qiiantit) of a fubflanco 
not coagulable. incapable of corigulation, and therefore oflentially different 
from albumen. I fliil. however, continued to employ it for 
the purpofe of alrertaining the properties of albumen, as it 
affords this fubflunce in a (bte of greater purity than it can be 
obtained iron) any other fourc o. 

White of egg of fome importance to afeertain the pro- 

contains So parti portion which this foreign ingredient bore to the albumen it- 
(bUdVlbumen 100 grains of fiimly coagulated albumen were kc|)t for 

and 4,5 unco fome time in boiling water, and this being poured ofiF, a frefli 
aguUble matter. ^35 added, and liiis procefs repealed until the water 

appeared to contain no farther impregnation. The whole of 
the fluid was then evaporated, and a retiduurn was left which 
amounted to 4| grams. Betides the admixture of this peculiar 
fubflance, tiie white of the egg contains a confiderable quan* 
tity of water, not only in its liquid Ante, but after it is coagu- 
^ laled. By a gentle heat the water may be evt^porated, and the 
folid matter is leit behind in the form of a hard, brittle, trant. 
parent fubflance ; 1 have foun'd that upon an average, | of 
recently coagulated albumen may be confidered as coniitling 
of^water. Hence it will appear, that 100 grains of the white 
of egg confift of 80 grains water, 4.5 grains of uncoagulable 
matteff and 15.5 grains only of pure albumen, -t* 


* Hatchett^ Phil. Tranf, 1800, p. 375. 
Thomfon's Cbeiuiilry, IV. p* 484* 
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The nlbft (fiftinguiAiing chara^leriftic of albumen !& lltcpro-DiftinguifliUig 
peity«of being* coagulated by heat, which tiprins an 
and eafy left of its prel'cnce, when it exifis in a compound Jj ted by heat, 
animai , fluid in any Ciihtidcrgibfe proportion. In order to af- 
certahi how fmall a quaulify of albumen could by this means 
be renderetl vifible, I added l-'i grains of ihc while ot the 
egg Jo 87 grains ot water, and ilniN tV>i(noii a iolution, one 
grain ot which contained giain ol pure albuinesi. FiveOnr thoufandih 
grains ot this roiuimn w’trc liwn added to grains of water, 

10 (nat too grams or water conluined g'ain only, or 
of its weiglit oi pure albumen. Tliis was cx.po('ed to the heat 
ot boiling water, and a perceptible opacity was produced in 
the fluid. 

The elfedls of the oxymurialc of incrcurt were nt'xt tried, ^xy muriate of 
One drop of a raiiiiaied Iblufum ot this fail, added (o P*^*^*^'* 

grains of water, containing rAr *ts weight ot alluimen,^ ' * 

prodiiced a very evident milkinets $ aficr tome hour^ a curdy 
piecipitat^ feparaled and I'eli to the bottom, A iolution ot 
half tike ilrenglh, containing only its weight of albu- 

men, was then tried by the fame rc-agent, and even in this 
inftance, a fuflicicnlly obvious efl'e<^ wa.s pioduccd. 

The nitro-muriate of tin is a powerful coagulatcr of albu».«*aa doetnitro- 
men in its uninixed flalc, but I found it not to be To dclicale”*^**’**®® 
a left as the oxymuriate of mercu.y. One hundred grains 
of water, containing | grain of albumen, i. c. of its 
weight, was not affected by lids re-agent until after forac hours, 
when the fluid exhibited a degree of inilkincis. 

In order to afcerlain ilie of tannin upon albumen, I— ind tannin, 

macerated half an ounce ot powdered galls in half a pint of 
water for fome hours, and filtered the flui<I. A deep brown 
tranfparent liquor was produced, 100 grams of wliich 1 found 
by evaporation contain grains of folid reflduiun. Equal 
parts of this preparation of galls and of a folution of albumen, 
in the proportion of one part to U)()0 parts of water, were 
mixed together; at ttrft no effedl could be perceived, but after 
fome time an evident precipitate was formed and llowly fob- 
tided. • 

The anua lithargyri aceiati, or extract of Goulard, is anOouUrd throw* 
a£tivtj^reci}>iiant of foveral animal fluids; when dropped into*^^^'^®* 
a fbong folution of albumen, a very copious and dcRfq pre^* 

»i*4te is immediately formed* * 


If 
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-•but 4oubt. It h, however, fomewhat difBciilt to determine h6w far this 
fully. ef!e6t depends ppon the albumen itfelf, as Goulard hab been 

confidered to be the appropriate teA of the uncongelable part 
of the fcrum of theblo<^, which, it may be liippofed, refem* 
Aqu:i lithargyri bles the uncoagulablc part of the white of the egg. The aqua 
acetati is likewife decompofcd by fcvcral of the 
y ir Ip ta cs t. bodies which are found to exift in almoA all the animal 
fluids, I have tbmetimes found it to yield a precipitate even 
when added to difliiled water, and inwall cafes, after expofure 
to the atinofphere for a few hours, the water to which it has 
been added becomes turbid, and is covered with a thin film* 
In order to try the effed of this re-agent on albumen, I added 
one drop of it to 200 grains of wato, and upon obferving 
that the tranfparency of the fluid was not afrc6ied, a Angle 
drop of the folution of albumen, of the fame ilrength with 
that mentioned above, was added. It formed a denfe preci- 
pitate as it fell through the fluid, and upon agitation, the whole 
was rendered fliglitly milky. In this cafe the proportion of 
the water to the albumen was as 10.000 to 1 ; to the uncoa- 
gulabie (part of the while of the egg^ it would be about as 
30,000 to 1. 

Kitrate of film The next re-agent which I employed was the nitrate of fil- 
vcr. A Angle grain of a faturated folution of this fait pro- 
' duced an evident turbidnefs in 100 grains of water, containing 

gr« of albumen, and after fome iiours a fmall quantity of 
a curdy precipitate fell to the bottom of the vefTel. It might, 
liowevcr, be fufpected that in this cafe, the effed produced 
depended upon a quantity of muriate of foda contained in the 
albumen. 1 found that 100 grains of water, containing only 
gr. of common fait was rendered evidently turbid by 
01)0 drop of the nitrate of Alver; * but the precipitate which 

* I weighed very exadly a grain of fait, and diflblved it in JOO 
grains of water. One grain of this folution was afcerwafds added 
to 09 grains of water, and by ixpeating the operation for three fuc- 
celTive times, I obtained 100 grains of water, containing only 
of its weight of fait. I then took 99 grains of diftilleJ 
water, and poured into it one drop of the nitrate of filver: fter 
waiting for fome time, until I was fatisAcd that no q would 
take place, I added a Angle drop of the laft folutioifof tail thus 
maktpg it mixture j a faint but percep ible 

opacity was aimoft immediately produced^ 
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is formecf by the nitrate of acting on the muriate of focia 
is in the form bf a greyiih powder, and fubfyies more rapidly 
than it did in the former inftance, where it produced a white, 
flaky precipitate. 

,I found that a folution of albumen of the fame flrength 
that employed in the lafl experiment, was immediately decom-^'"*^^ *** 
pofed by the nitro-muriale of gold. One drop of this inctaU 
lie folution indantly produced a denfe white precipitate in 100 
drops of water, containing only -fWof a grain of albumen. 

Albumen in a concentrated (late is po\\erfully coagulated 
by alum ; 1 found however, that tins re-agent is not fo accu-v 
r^te a te{l of its prefence when in a diluted flute, as fome of 
thofe which 1 had already employed: -J grain of albumen, 
diffulved in 100 grains of water, was indeeil rendered flightly’ 
turbid by the addition of a few drops of a faturated folution of 
^lum, but no precipitate w^as formed. 

Before Z conclude my account of Ihefe experiments J mufi Oba. «ntnr fo* 
obferve, that the flrcngih of the folution ol albumen was in hinonof aluu- 
all cafes rather Icfs than my eftimatc. When 1 added the al- 
bumen to the water, a fmall portion of it always remained in- 
ibluble, and this was feparaled from the fluid by filtration be- 
fore the experiments were performed. This infoluble part I 
fuppofed to con fill of the membranous matter, with which it 
is faid that the while of the egg is interfected.' The (juanlity 
was indeed almofl; too fmall to be appreciated, but where it is 
dcfirablc to attain as much accuracy as poffible, I think it ne- 
cefl'ary to mention every circumftance w hich mav in tlie finallcU 
degree affed the rcfult. 

The experiments related above will, 1 conceive, indicate RcmatV*. The 
with a lullieient degree of accuracy, the prefcnc c of albumen ^ 
as a conflituent of an animal fluid. The property of being Jnii itlivc th«- 
coagulatcd by I^at is a charadcriftic of tliis lubflancc*, which 
will always ferve as a mark of diferimination, and we have 
found that this properly is notdeflroyed by dilution with I(X)0 
times its w*eight of water. This therefore may be confidered 
as a ted of its prefence minute enough i'or all prafiical pur- 
pofes. We have aifo found that there are feveral rc-agenls 
w. .jh pofi'tfs the power of precipitating it from its folqtion in. 
wa!e wii^sJe exifting only in the fume propotlion. It will be 
nc' eflary, -liovvever, Jo tibferve their operation upon Wie other 
nal fubftances before we can determine tl?cir u(e in the * 

alyfis or compound fluids. 

’Jclh 
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jeHy. U isli- The next fubflance which I propofe to examine is' jelly* 
am/brcoiniJ The peculiar diaradcriflic cf this body is itA property of b«s 
conrH'"? by c«l(l coiicrelc by cold, and being licjuitied bv the appHca- 

tjiiJ IS i,vi,r (ion of a gt'iule heat. It enters into the conipofilion of the 

oi ammaL. biwi, though le(s largely than the albumen. It is aifo an in- 

gredient in the ikin, membranous texlure« ligamerits^ carti- 
lages and tendons. Hy boiling it is eafily extracted troni thefe 
(ubdances, and by evaporation and cooling the whole is re. 
.ductal to a rnais of greater or lefs folidity, in proportion to the 
previous degree of concentration. By a procefs of (his nature* 
if^llgla^^ is pieparcd from the bones and cartilages of fifli; a* 
this liil)fLince has been confirlcred to confift of jelly nearly in a 
flaleof peril V, I employed it for the following experiments. 
ObtaWipd b\ ihe K^iir grains of liinglafs were clillblvecl in 2(K) grains of 
loiutioii^nnn- and thus a ftandard fluid was formed, one grain of 

liah i fiitiii which contained gr. ol jelly. This folulion became per- 
w.iti:rwjll oagu- fei^jy concrete by cooling. In the firft place I wilhed to af- 
certain how fmall a proportion of jelly diffolved in w ater wa$ 
caj)abic of alTlimlng llie concrete flale. Equal parts of the 
flrindaril fluiil and of water, /. c. one part of jelly to 100 
parts of w'ater, produced a compouinl which was completely 
ftiffened by cooling; but I lound tliat twf) parts of w^ater to 
one of the flanflaul, i. e. one j)art of jelly to 1:;0 yvarls ot 
water, produced a cuinpouml, which though evidently gela- 
tinous, did not atroine (he concrete form. 
n£livrlv One of the imifl a^^ice precipilants of’ jelly i> the tanning 
lauii** principle. 1 found that a mixture of 5 grains of the flandard 

folution and of water, pioduced a copious precipitate when 
added to an equal quantity of an inlufnin of galls of the lame 
flrength with thatemplo)ed in the experimetWe upon albumen. 
In this inflance the jelly was to the water as 1 to 1000. 1 af- 

terwards reduced the quantityof jellv until it compofed 
part only of the folution, and in this cafe a conflderable pre- 
cipitate was (till produceil by the infufion of galls, 

— .bvit not by A quantity of the ftandard lolution hail a few drops of the 

fltj. lull. jiqiia lithargyri ucetiui added to it, but no more eflfeftjjjijpeared 

to be produced than would have enfued fioin rnixiitgil w^h an 
equal quantity of pure water. 
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No efTdCl wa$ pcoduced bv adding jilie oxyiiiur(.ito of raer- —nor by ox. m» 
cury l(f the ftanfla/d Join f ion, Thi^ nitraie of blver and of n”* 

Riiro-mttrlal;e of lin woro oadi employed, and produced a very m.ot tin. 
flight and alcn^ll imperceptible opacity. 

The addition of the niim-ruuiiaie of gold caufed a fmall N. m. of gold 
quantity of a denfe precipitate when aildcd to ilio u uwlard pick-ip- 

lulion; but when this was fo far diluted as to contain one grain 
of jelly in 300 of water, the etfcCt was jio longer perceptible# 

iMucus» 

Animal mucus or mucilage enters largely into the conflitu- Mucus; a term 
tion of many parts of the body, and forms u confiderable pro* appjfj^^by^chc- 
portion of Icveral of the fecrctions. ^The term mnnis had mifls. 
been generally emp!o\ed in a vague and unn ltj ierde, 

until Mr. Hatchet, in his valuahic paper on the memliiaiious 
parts of animals, inlerted in the Phil. Tranf. for f SUO, at- 
tempted to aliign to it a more apprepriat<‘ and riefiniic mean- 
ing. Ho conceives tliat jcdly and mucus are only modifications 
of the fame fubftaiioe, and do no! (‘Ifontially diflci from each 
other; he confiders it to be <MilitIed to the uppelimion of 
inucu«i wdicn it is fuhible in cold watei anti cannot lie brought 
to the gelatinous flale'^. Dr. I'homlon aviopf , m general the 
idea of Mr. Hatchett, and Ii\s down the ioMowing as the 
charavilcrlflic properties of animal miuilagc. It i^ foliibie in 
cold water, iidoluble in alcohol, neither coagulable by heat 
nor generating into a jelly, precipitabie by tan and the nilro- 
niuriate of lin+, I have been induced/rom tii.' icfulls of’ my 
cbfervalions, to form a iliflbrent opinion refpeding the / . Lilion 
of jelly and inucu*', but I (liuli defer the flalcmcnt oi it until 
I have related the CApennienls which liavc led me to dilTent 
from fuch high autliority. 

By agitating ^ir a Hiort time fome recent faliva in cold Mikii<i obtalncJ 
water, part of it was dlllblved, and after being palled through *'**^'^** 
a filler, was made the fuiijefl of experiment, being, as 1 
couLeived, a folution of nearly pure mucus. Bv a careful 
evaporation I found ^lat the water had ditfolved part of 
its wci;;hl. 

friuhi'ft, Phll.Tranlt 1800. 3G9 2iid381. 


No 
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In'dt 

ni>r t»i>l »t gi‘lat:- 
TiiU 0 / cooling* 


Murir. from an 
0) fhr. 


Rcj^H'nts* 


The Goulard ?n- 
(iic.itcb it;} prc- 
fence. 


Exclufivc teftsj 
MO for jell) , 
)ith. acet. 
tot mucuS) ox. 
111 . of mere, fur 
albumen* 


No effed was produced by llie addition of t?ie bxy muriate 
of mercury, an/i the nitro-muriato of tin caufed only i flight 
opacity* No effect was produced by the addition of equal 
)>arts of this folution and the infufion of galls. The aqua In 
thargyri acetati added to the: folution produced an immedi- 
ate opacity, and after fome time a white, fleaky precipitate 
fell to the bottom of the glafs* No appearance of coagulation 
was produced by expobng the fluid for fume time to the heat 
of boiling water, nor was there any tendency to gelatinize by 
evaporating and afterwards cooling the fluid. 

1 afterwards endeavoured to oblain mucus in a date of pu- 
rity from another fource. For lliis purpol'e an oyfter was agi* 
latcd for a few minutes in cold water; the fluid was filtered 
and i-ipiicarcd fllghtly opake and glutinous. 

By evaporation it appeared that it had diflulvcd about yff of 
its w'cight of animal mailer. A quantity of this folution, di- 
luted with an equal bulk of water, was employed in the fol- 
lowing experiments. 

The oxymuriate of mercury being added to it produced no 
efTe^t. The infufion of galls after fome time produced a flight 
degree of turbidnefs, and at length a precipitate was formed 
in fmall quantity. The aqua lilhargyri acetati caufed an 
immediate opacity, and after fome lime a denfe precipitate. 

Thcfc experiments nearly coincide with the former* In 
both cafes no eflefl was produced by the oxymuriate of mer- 
cury, thus proving the abfence of albumen. The fmall pre- 
cipitate caufed by the galls indicate the exiftence of only a 
very minute qviantity of jelly. The effect was fcarccly as 
great in this inflance, where the animal mailer compofed 
part of the weight of the folution, as was produced by (he 
fame reagent upon a folution of jelly, where it compofed only 
part of the weight of the fluid. Very^carly the whole 
therefore of the animal matter probably confided of mucus^, 
the prefence of which was indicated by the Goulard. 

1 apprehend that thefe experiments will be deemed fufli* 
cient to cdablifli a decided and eflenlial difference between 
mucus and jelly, independent of the gelatinizing property of 
the latter, the effe^s produced upon them by the ta^*'v:>g prin- 
ciple and by the aqua Jitharg)ri acetati are cxa^ily opf^ hte. 
Tan IS a mod delicate ted of jelly, but dues in an\ degree 
afl’cft mucus. Aqua lithargyri acetati is a' JcliCate tcli uf nit, 

cus ; 
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CU8, but decs not in'any degree afFed jelly. The oxymuriatc 
ot' mcKury^ on* the contrary^ which is one of the mod accu- 
rate teds of albumen, does not appear to be affeded either by 
jelly or by mucus. 

Albunieo^ mucus, I am inclined to confider as Thcfc arc the 

tlie only primary fluids which are difperied through the difler- 
ent parts of the body. Particular veflels or glands contain 
and fcciete particular fluids, which cannot be rclolvcd into 
other fluids without decompodtion, as (he hbriin/ of the blood, 
the reft n of the bile, the urcc of the kidnc\, ike. but tbele 
are in all indances conflned to their appropriate organs, and 
do not neceflaril)' enter into the prefent invedigalion. 

From the above experiments I think we may be entitled to Rffumptlon. 

lav down, with a confulerable decree of aceuiacy, the leading Albumen is 

^ known bv Wi 

charadenftics of the three [irimary animal fluKU, and to elt.i- c.Myiilat»ifityt .mJ 
biifli teds by which their prefence may be minutely afcerlained. t"‘- ip* wx. 
The mod remarkable property of albumen is its bei uining 
coagulated by heat, a properly which it retains fo far us to 
communicate a degree of opacity to ilsiblution in water, wdicMi 
it forms only ri^v weight. A folutiou of the fame 

drength has its albumen precipitated by the oxymuriale of mer- 
cury, and this ted will iiulicale its prefence when compofing 
no more than of the mixture. Tiie tanning ptinciple, 
the aqua lilhargyri acelati, the nitrate of diver, and the nitro- 
muriale of gol<l, aie all teds of the prcfcnce of albumen 
nearly as minute as the oxymuriale of mercury, but the) 410 
lefs valuable, becaufe their edeclsare not confined to albumen. 

The iiitro-muriate of tin and alum are alfo pi ecipitants of al- 
bumen, but they are lefs delicate in their operation than the 
reagents enumerated above. 

The peculiar charadteridic of jelly is its property of be- fdly U knov ’ 
coming concrete by cold, and being again rendered fluid by a concirt. .:i 

, , , r . . - . . . on CoolinK 3iu: 

gentle heat : we have found that Us folution in w'alcr retains jtj, pjc^ip. b> 
this property w'hen it compofes part only of the weight of 
the fluid. Tan is a dill more minute ted of jelly than of albu- 
men, but jolly is not in the lead degree afl'edled by the oxy- 
muriate of mercury, aod may thus in all cafes be eafily didin- 
guiflied from it. No ctfeCl is produced in jelly by Goulard, 
and ftr .cely any by the nitrate of diver, and the nitro-muriatc 
of li , when itijs in ablate of fuch dilution. By mtlhns of 
tar , jelly may be eyfly detected in a fluid of wiTith it form'* 

• . 
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M . neza- 

tivi- 71, t} the 
prca-liiig clvi- 
iU\a » 5 hul piC 
tip, t- ' .i(j. ith. 
a<.el. 

Other lefts. 


Or<ia' of analy- 
hs. 


Kematk. 


/•.uirn’l mnrns 
rrl^-'iiblfj vcy.'t* 


Thn prnpfriitj-i of mucus arc principally negatii'C; it is not 
coagulablc by h(‘at, nor c-apablu of becoming gelatinfeed ; it 
is not prc( jpiiable eilber by the oxymuriate of mercury or by 
tan, Iml it may be deleted willi confiderable minutenufs by 
l{)C *nqua lithargyri acetati. 

It appears therefore (hat the oxymuriate of mercury, tan, 
and the aqua lithargyri acclali are tlie three moft valuable lefts. 
The nilro-muriatc of tin U a lefs delicate left of albumen than 
the oxymuriate ol nK;rcury, and is alTo in fome degree affedled 
by jelly. The nitrate of ftlvcr appears to be a very nice teft 
ol albumen, but it is objeflionable in confequence of its being 
dec(»n‘.p()le<l b.- the muriate of foda, a fait which is fuppoted 
to exift in moft of (he animal thuds. T!ie niiro-muriate of 
gold is a dol.uitc ti li of albumen, but it hkewile precipitates 

in the analyfi->of a lluid xvimh is iuppofeJ to contain either 
albumetii jelly, or mucus, the lirft tWp to obferve the cfte6t 
of the oxymuriate of mercury; if this produce no precipitate, 
ive may be certain that the fluid m qiudlion contains no albu- 
men. Wcnuifi next employ liit inlution of galls, and if this 
alio car.fe no precipitate, we may cuncludo that the animal 
matter held in lolulion confifts of mucus alone. 

I have bflorn remarked, that the ideas which I have formed 
of the nature ol jelly and mucus, and the relation which thefc 
fiibllanccs bear to each olhci, dilTcr materially from ibofe of 
Mr. Ilalclicll. It is not indeed without adegrecof diflidencc 
that I dilfcnt from fo cliftinguilhed a cheinift ; but 1 conceive 
that 1 am juftifiod by the experiments related in this eftay. — 
Mr. HAicheit, in the valuable paper to vvhicli i have already 
refened, fpeaks of the white of the egg as conftftlng of pure 
albumen ; but I believe that in this particular he will be found 
not pericctly acruiate. • 

There I*; a great refemblance l>clween the mechanical pro- 
perties of animal mucus and vegetable gum, and I found that 
they ftrungly rclc.inble each other alf) in their chemical qualities. 
A folulion of gum aiabic, containing one grain oi urn to 2(X) 
grains of water, was not aftedled eithdr by the o. iriale of 
iJUMCury or by tan. With the nilro-murlato ol tin th the 

nilratijof ftlver there was only a il'q’ht degree of op. but 
with llie aq;ia iilbargyri acclEfli there a pre* le 
inftantl^ f ■lined* ^ * 
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On mufcuJtav Motion. Py Anthony Caktiile, F/tj. f. /?. S. 
being the Croonian Ltciurc, nad btforc /hr li'Knl Sovitty, 

Nove.nber S, 1 bO K 

(Concluded fiom Page 201.) 

TThE lofs of motion ant> fenfation from fho influence of low ColJ dertroys 
temperature, accompany each other, and llie capsll.irics of the 
vafcular f)ftein appear to become contracted by the lofs of 
animal heat, as in the examples of numbnels fiorn coM. 

Whether the cdFalioirof inufcular atlion be owing to the im- 
peded influence of the nervC'.-, or to the lowered tempcMtuic 
of the mufcles thcmfeivcs i** doubtful; but the knov\n itillii- 
ence of cold upon the lenlorial fyflem, rather favours the iup- 
pofltion that a certain temperature is ncccfl'ary for the tiunl- 
miilion of nervous influence, as well as fenfation. 

The hybernating animals require a longer time in drowning Hybirnaiinp 
than others. A full grown hedge-hog was fubinerfed in water 
at 43®“, and firmly retained there; air-bubbles began inflantly Expciiment with 
to afeend, and continued during four minutes; the animal wa** hedge. hog. 
not vet anxious for its liberty. After feven minutes it Iwgan 
to look about, attempting to efenpe ; at ten minutes it rolled 
ilfelf up, only protruding the fnoiit, which was liatlily re- 
traced on being touched with the linger, and even the approach 
of the finger caufed it to retract. After hfleen minutes com- 
plete fubmerflor, (he animal ftill remained rolled up, and 
withdrew its nofe on being touched. After n-mainiug thirty 
minutes under watei, the animal vi'as laid upon flannel, in an 
atroofphere of 6‘2®, with its head inclined downwards; it foon 
began to relax tlw fpliindler mufcle wliich contracts the ikin, 
flow' refpiralions commenced, and it recovered entirely, without 
artiticial aid, after two hours. Another hedge-hog lubmerfed 
in water at 94®, remained quiet until after five minutes ; about 
the eighth minute it firelchcd itfclf out, and expired at the 
tenth. It remained rcTaxed, and extended, after the cefTalion 
of the fun^ions; and its mufcles were relaxed, contrary 
to ' ‘ of the animal dtliwned in the colder water, 

irritabl’iL, 'liC heart is infeparabiy connefle l.wiili of 

.lion. WiitMuver the inhaled gas differs in its properties 

MTOIU • 
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Di (Unbutton of 
heat by the 
blood. 


Cnagul.it ion of 
that fluid. 


Kcat delays the 
lift coa};ulation 
^nd the coiicrac* 
tions of the 
nwfclesj 


from the common atmofphere, Ihc roiifcular and f«nfible parts 
of the exhibit the change : the actions of the Ijcart arc 

altered or fufpended^ and the whole murcular and fenforial 
r)'flems' partake of the diforder; the tertiperatare of animals, 
as before intimated, feems altogether dependant on the refpu 
ratory fondlions, although it ftill remains Uncertain in what 
manner this is efFeded. 

The blood appears to be (he medium of conveying heat la 
the dilTerent parts of the body ; and the changes ot animal 
temperature in the fame individual at various times, or in its 
feveral parts, are always con nefled with the degree ol rapidity 
of the circulation. It is no very wide firetch of phyfiological 
deduction to infer, that this increal'ed temperature is produced' 
by the more frequent expofurc ol‘ the mafs of blood to the 
refpiratory intlucnce, and the (bort lime allowed in each circuit 
for the lofs of the acquired heat. 

The blood of an animal is ui'ually coagulated immediately 
after death, and the mufcles arc conira6led ; but, in fome pe- 
culiar modes of death, neither the one, nor the other of Ihcfe 
efle6ts are produced : with fuch exceptions, the two phenomena 
are concomitant. 

A preternatural increafe of animal heat delays the coagu- 
lation of the blood, and the latl contractions of the mufcles : 
thefc contractions gradually difappear, before any changes 
from putrefaction are manifclted; but the cup in the coagulum 
of blood does not relax in the fame manner ; hence it may be 
inferred, that tiic final contradt ion of mufcles is not the coagu- 
lation of the blood contained in them; neither is it a change in 
the reticular membrane, nor in the blood-vcn’els, bccaufe fuch 
contradlions are not general throughout thofe lUbflances, The 
coagulation of the blood is a certain criterion of death. The 
reiterated vifitatiuns of blood ai;e not elTcptial to inufcular 
irritability, becaufe the limbi of animals, feparated from the 
body, continue for a long lime afterwards capable of contrac- 
tions, and relaxations. 


The chemical The conftitucnl elementary materials of which the peculiar 
combinations of animul and vegetable fubftances confifi, are not feparable by 
iranticllir^ana**^*^ any chemical proceifes hitherto inftituted, in fuch »^anner as 
not renewable, (o allow of a recombination into their iformer ftale. Th* enm- 
pofitioh of thefe fubftances appears Jo he na^i'^rilly of tranSent 
duration, and the altradlions of the cleiatlit:;ry materials wKi 

forn 
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form the gr$>rs fubilances^ are fo ioofe and unfettled, that they 
are all d^compofoil without the intervention of any agent, merely 
by the operation of their own elementary parU-on each other. 

An eikteniive diicuflioii of the chemical properties attaching DirTiculcies «c- 
to the matter of mufcle would be a labour unfuited to this 
occafion; I (hould not, however, difeharge my prefeiit duty, thefc^obje^s. 
If 1 omitted to fay, that all fuch inveftigations can only be 
profitable when efleded by fimple proceifes, and when made 
upon the raw materials of^the animal fabric, fuch, perhaps, as 
the albumen of eggs, and the blood. But, until by fyiithetical 
experiments the peculiar fubflanccs of animals are compofed 
from what are coniidered to be elementary inateriaN, or the 
changes of organic fecrction imitated by art, it cannot be hoped 
that any determinate knowdedge Qiould be cflablitlied upon 
which the phvfioiogy of mufcles may be explained. Such 
reiearches and inveftigations protnife, however, the niofl pro* 
bable ultimate fuccefs, tlnco the phenomena are nearett allied 
Co thofe of chemitiry, and fincc all other hypothefes have, in 
their turns, proved unfalisfa^lory. 

and Experiments tending to fupport and illujlrate ike pre* 
cedin*^ Argument, 


An emaciated horfe was killed by dividing the medulla fpi- Temperature of 
nalis, and the large blood-vefTcIs under the tirll bone of the 
Oernuin. ent animals. 

The temperature of the flowing blood wa lOS® The hoik. 

Spleen - - lOJ 

Stomacli « * 10) 

Colon - - y.S 

Bladder of urine 1)7 


Atmofphere - 30. 

Three pigs, killed by aUow on the head, and by the imme- Pjgs» 
diale di vihon of tl5c large arleriesand veins, entering the middle 
of the bafis of the heart, had the blood flowing irom thefe 
vcflels of 106, 106{, and 107^.; the atinofpheric temperature 
being at 31^. 

An ox, killed in a ^milar manner, the blood 103; atmo* An ox. 
fphere 30®. 

Th* je flieep, killed j^y dividing the carotid arteries, and Sheep, 
inttjrnal jugular veins »Mheir blood 103| '105, 105 J®; at- 
f^nfphere 4 1"'. \ 

VoL, XI, — Aucust, iso*; 


S 


Three 
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Experiment to 
fbcw that the 
volumes of 
mulcicc; art; in- 
creafed duiit. 
a£llon. 


Frogs. Three frogs, kept for many days in an cquible ^Imofpbcrc 

at .5‘t« ; their Homachs 62.® « « 

Fluid of dropfy. The watery'fliiid ilTuing from a perfon tapped for dropfy 
of the belly 101®: the atniofpherc being 43®, and the tem- 
perature of the fuperhcies of llie body at 96®. 

Thefe temperatures are confiderably higher than the com* 
mon eilimation. 

Expr.rimcnt to A man’s arm being introduced within a glafs cylinder, it 

thcw that the which ei^ibraced tlie head of the 

Vdlumos ot-' 

muiciP 5 art; in- humcrus ; the vellel being inverted, water at 97 was poured 
chafed duiii, ^ ground brafs plate cloied the lower 

aperture, and a barometer tube comraunicaled with the water 
at the bottom of the cylinder. Tins apparatus including the 
arm, was again inverted, fo that the barometer tube became a 
gage, and no air was fuffered to remain in the apparatus. On 
tin; llightefl ac tion with the muieJes of ihi; hand, or fore-arm, 
the wao ‘1 alconded rapidly in the gage, making librations of 
liv and ( iglil inches length in the barometer tube, on each 
contrutilion and relaxation of the mulclcs. 

Cilrnpinc of fi/H 'I hc rcmuikable efleds of crimping fifli by immetfion in 
wnnotbo efh:^!- wattr, aficj the ufualfignsol life have dilappeared, are worthjy 
if attention; and whenever the rigid contractions of death have 

not taken place, this procefs may be pradtifed with fuccefs. 
'J'lie ka filh deftined for crimping are ul’ually ilruck on the 
head vvhc*n caught, which, it is faid, protracts the term of this 
capability ; and the mufcles which retain this properly longetl 
arc thoic about the head. Many tranvcrlb fediions of the 
inufclcs being made, and the tidi inimerfed in cold water, the 
oontradions called crimping take place in about five minutes; 
hut, if the mats be large, it often requires thirty minutes to 
' complete the procefs. 

Expcriu ciiC. *Twi> flounders, each weighing 1926 grains the one being 
Twft fiiK were in a (late for crimping, the other dead and rigid, were put into 

l^eirerimpoi, '•**“« fcored with a kniCe. After 

It I icific ^r.i- half an hour, the crimped flfil had gained in W'eighl 33 grains 
tbfol'utc ^ grains. Tlie fpccific gravity of the 

was increafea by crimped flfli was greater than that of the dead flfli, but a 
crimping. ^ quantity of air-bubbles adhered to the furfaces of the crimped 
mufcles; which were rubbed off fiefor^ weighing; this g was 
nut inlfsmaaable. * 

Ihe 


Erpcriu.ciiC. 
Twft fiiK were 
icori'd and *hm: 
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The rpecffic gravity of the crimped fiflii - - 1, lOJ 

• • of (be dead fifli, after an equal 

irameriion in water * - . 1,090* 

So that the acccflion of water fpecihcally lighter than the 
mufcle of fifti, did not diniinifli (he fpecific gravity of crimped 
mufcle, but the contrary : a proof that condenfation had taken \ 
place. 

■ A piece of cod-fi(li v^'cighing twelve pounds, * gained in Other fubftances 
weight, by crimping, two ounces avoirdupois; and another 
lefs vivacious piece, of fifteen pounds, gained one ounce and 
half*. 

The hinder limb of a frog, having the (kin dripped off, and 
weighing grains, was iinnierfed in water at and lut- 

fered to remain nineteen hours, when it had become ligid, and 
weighed lOOj grains. The fpeciiic gravity oi' the coniraCled 
Jiiuh had iticrealed, as in the crimped fitli. 

Six hundred and thirty grains weight of the rubfcapnlaris 
miifcle of a calf, which Iiad been killed two days from the 
loth of January, was immerfed in New River water at 4/5'^. 

After ninety miputes, the mufcle was contracted, and weighed 
in air 770 grains : it had alfo incrcafed in tpecific gravii\, but 
the quantity of air*hubbles formed in the inlerdKial (paces 
of the reticular membrane made it dilficult to aicertaki the 
degree. 

Some of the fmalled fafciculi of mufcu).ir fibres from the Fibrils of 
fame veal, which had not been inimei fed in water, were placed 
on a glafs plate, iii the field of a pow<*rfnl inicrofcope, and wjtcr. 
a drop of water thrown over them, at the temperature ol ^ 
the atmofphere in the room being ^7°. They inflanlly began 
to contract, and became tortuous. , 

On confining the ends of another fibril willi little weights 
of glafs, it conp'a^ed two-thirds of its turmer length, by 
fiiniiar treatment. The fame exj>eriment was made on the 
mufcular fibres of lamb and beef, twelve hours after the 
animals had been killed, with the like refults. Neither 

• I am informed that the ci imping of frcfli water fifhes requires 
hard wale*., or fuch as does nor fuit the purpofes of waihing with 
This fa6t is rubftsntiated l>y the pra^ice of the London fith* 
ijiorgcrs, whofe cxperit iLitf has taught them to employ puTn|) water, 
cr what i.. commonly called hard water. 

6 2 
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b 0 t not by acid* vinegafi nor mler falorated wilii muriate of ^a/nor ^brong 
or falinc wuLcr. ardent fpirit, nor olive oil, bad any fuch effeA upon the muf- 
cular fibres. * 

The amphibia, and coleopterous infects, become torpid at 
S At 36^ they move ilowly, and with difficulty ; fuid, ata 
lower temperature their mufcles ceafe to be irritable. The 
mulcies of warm-blooded animals are iimiiarly affefled by 
cold. 

The hinder limbs of a frog were* fkinned and expofed to 
cold at 3')", and the mufcles were kept frozen for eight hours, 
but on thawing them, they were perfefliy irritable. 

The fame procefa was employed in the temperature of 20 ^. 
and the mu!cles kept frozen for twelve hours^ but that did not 
cJcflroy the irritability. 

Hc.it deprives III the heat of 100®, (he mufcles of cold-blooded animals 
the conlradlioii'^ of death; and at 110 ®, all thofe 
of warm blood, as far as ihefe ex{>eriments have been ex- 
tended. 'I'hc mufcles of warm-blooded animals, which alw'ays 
contain more red particles in their fubflance than tbofe of 
cold blood, are foon deprived of their irritability, even al- 
though their relative tempeiatures arc prelerved ; and re(« 
piration in the former tribe is more eflential to life than in the 
latter. 

Many fubft.inces accelerate the ceflation of irritability in 
mulch's when applied to their naked fibrils, fuch as all the 
narcotic vegetable poifuns, muriate of fuda, and (he bile of 
animals ; but they do not produce any other apparent change 
in mufcles, than that of the lafl contraction. Difeharges of 
elc&ricity paifed through mufcles, deflroy their irritability, 

' but leave them apparently inflated w ith fmall bubbles of gas ; 
perhaps feme combination obtains which decompofes the 
water. 

The four feparated limbi of a recent frog were Ikinned, and 
immerfed in different fluids; viz. No. 1 , In a phial containing 
fix ounces by meafure of a fataiiiited aqueous folution of liver 
of fulpbur made with potafh; No. 2 , In a dilated acetic 
ecid, conii fling of one drachm of concentrated acid to fix of 
water; No 3, in a diluted alkali, compofed of cauflic vegetable 
^ adkali one dracbm, of water fix ounces; No. 4, in pure dif- 
tilled' water. *l 


H'i do poifoRS, 


and cIcQnckty. 


Exprr’iments on 
znuicU's iin- 
laerfcd m Ituids. 



The phitfig were all corked^ and the Icmperalure of their 
contents was 46^* ^ 

The limb contained in the phial No. l, ^fter remaining 
twenty ixiinutes, had acquired a pale red colour^ und the 
mufcles were highly irritable. 

' Tire limb in No, 2, after the fame duration, had be- ^ 
come rigid, white, and i'wolien ; it was not at all irritable. 

By removing the limb into a diluted fulution of vegetable 
alkali, the mufcles were relaxecb but no (igns of irritability 
,relurned. 

No. 3, under ail ibc former circumftanccs, rctained ils pre- 
vious appearances, and was irritable, but lefs fo than No. U 

No. 4 - had become rigid, and the (inal contraction had taken ' 

place« 

Other caufes of the lofs of mufcular irritability occur in Alufcular irrlra- 
pathological teflimonies, fome examples of which not be* 
ineligible for the prcfenl fubje^. Workmen whole hands arc 
unavoidably expofed to the contad of while lead, are liable 
to what is called a palfy in the hands and wrifls, from a tor- 
pidity of the inufcles of the fore arm. This afFci^ion lecins 
to be decidedly local, becaufe, in many infiancfs, ncilher 
the brain, nor the other members, partake of the* difoider; 
and It uftened aflefls the right hand. An ingenifnis piaclical 
chemid in London has froquenlly experienced Ipafins and 
rigidity in the mulclcs of his fore arms, from atiulions <tf 
nitric acid over the cuticle ol the hand and arm. T lie ufe 
ol mercury occafionally brings on a limilar rigidity in the , 
maifeler mu Teles. 

A finaller quantity of blood flow^s through a mufcic during Lefs Moot flow, 
the dale oT conlraclion, than during the quielcent liale, ah 
is evinced by the pale colour of red roufcles when contracted. 

The relardation^ot the flow of blood from the veins cd' the fore 
arm, during venaefe^ion, when the muicles of the Imib are 
kept rigid, and the increafed flaw after alternate relaxations, 
induces the probability, that' a temporary retardation of the 
blood in the mufcular fibrils takes place during each con- 
tra^ion, and that its»free courfe obtains again during the re* 
taxation. T ins ftate of the vafcular fyflem in a contracted 
mutcie, does not, however, explain the diminution of its 
•balk, aitht}ugh it may (Save foiOe influence on (he Jamb of a 
living animal, • 
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When mufcles arc vigoroufly conira<f=^ed, tWir fenfibiHty 
to pain IS nearly dettroyed ; this means is enipIo3ed1)y jug- 
glers for the purpote of lutTenng pins lo be thru ft into the 
calf ot the leg, and other mufeoUr parts with impunity: it is 
indead reafonable lo c\pc^, a piwti^ that the fentation^ and 
the votunlar^ influence, cannot pafs along the nerves at ihe 
fame lime 

In addition to the infliiencrs alread) enumeratedf the human 
mufeies are (ufccptiblc of changes irom extraordinnr) occur- 
rences of fenfibU impreflions. Long continued attention to 
inlerefting tilibU objeQs, or lo audible (cnfations, are known 
toexhauft llu mufcular ftrength ; intcnfe thought and anxiety, 
weaken Ihe niufcularj powers, and ihc pafttnns of gnef and 
bar produce Ihc fame < fF cl fiuidi nl\ win ft tli» cimlrary 
feelingN, fiich as the p ofpc^cl of iiiiincdiatc enioyment, or 
model lit hilarity, give more tlnn oitlinir\ vigour. 

ft IS a very remarkable fafl in the hiftor^ of animal nature, 
that the inenlal operations ma) become almoft automatic} and, 
iind'^r fuch habit, be kept in action, without any interval of 
reft, far beyond the time which Ihe ordinaiy flalc of health 
permits, as in the examples of certain maniacs, who are en- 
abled vviihoul any inconvenience, to exert both mind and 
body for man^ da)s inceftantl). The habits of particular 
modes of labour and cxcrcifc are foon acquired, after which, 
ilie aflions bi^come automatic, demand little attention, ccafe 
to be iikfome, and are efiected with little fatigue: b) this 
happy piovilion of nature, the habit of induftry becomes a 
fource of pkafure, and the fame appe ars to be extended to 
the docile animals wHich co-operate with man in his labours. 

I hrte elaflVs of mufcles are found m the more complicated 
animals. Thofe which are conftanily governed by the will, 
or duelling power of the mind, are called v/>hintary mufcles. 
Another clafs, which operate without the confciournofs of the 
mind, are denominated invalonlary ; and a mixed kind cxrcur 
in the example of lefpiratory moUlcs, which are governed by 
the will to a limited extent ; nevCithelefs (he exigencies of the 

* I have often ohftrscd that a fmall ele^iic ftiock may be re- 
ceived without pain through the mufcles of the fore aim; hut I 
It to be owing to the want pt power in iuch a fliock to 
fnaeUle the contraction. — N« 


animal 
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animal feclnngq'evcnlnally urge the refpiratoriy movemmfs in 
defpight of the *’ 111 , STIiefe lall mufcles appear to liare ber 
come automatic by the continuance of habit. * 

The ttfes of voluntary mufcles are aliaineJ bv experience, Voiunuryac- 

imitation^ and inflruftion : but fomc of them are never taJieil 
. ■ educt ».#n ^ 4 h(: 

Jiito action . among European*;, as ti)e miilclei ot the externaiJnvrduntary ^rc 

ears, and generally the occipiio-frontaiiN. I'hc pnrj?ly invo* tb- . 

Jttntary mufcles arc each acled upon by diflVicjil ful)ilance<, * 

which appear to be thev peculiar tiiinuli ; ami thefe fiaiiub 

co..()perate with the fenlorial influence in producing , their jCon- 

tradions ; for example, tl)e bile appeals to be llic appropriate 

fiimulus of the inufcuiar fibres of the alimentary canal below 

the Aomuch, bccaiile the abfence of it renders ihuh; patfages 

torpid. Tlic digelled aliment, or perhaps the giiflrie jinee in a 

certain ftate, excites the flomach. fhe blood fiimnlates the 

heart, I»ght the iri.s of the eye, and mechanical preflure (ceins 

to excite the mufcles of the cefopliagus. T he lafi (auk; may 

perhaps be illufl rated by the inilanccs of compreflion upon 

the volunlarv mufcles, when partially coniraded, of whicii 

there are many familiar examples. Probably ihu mufcles of 

the oflicula auditus arc awakened by thcMiemor^ of found; 

and fins may be the oc cation of the peculiar arraiigcrncnt ob* 

fervablc in the chorda lyrupani, whicIi ferve-> thole mulclc*>. 

Thcle extraneous ftimuli feem only to ad m conjunction .Stimuli feem to 
w ith lire fenloMal power, derived by thole mufcles fr(;m i|jt* *‘**^‘*® 

I - I 1 i 1 /V I I 11 1 *n t’jme 

ganghated nerves, becavife fhe pafhons ot Ine imnd alter (he rcipca refem- 
xnulcular aefions of the Iieart, the alimentary canal, ilie refpi- ^l‘"e ihc paf- 
ralory mu Teles, and the iris; fo tiiat probably the re/peclivcj 
fiimuli already enumeraled, only ad fubfervienil\ , by awak- 
ening the attention of the Icnforial power, (if that cxprclhon 
may be allowxd,) and thereby calling forth liie nervous in- 
fluen' c, which, from the peculiar organization of the great 
chain of ly in pathetic nerves, is efieded without confeioufnefs : 
for, when the attention of the mind, or fhe more inlerefling 
paflions prevail, all the* involuntary mufcles ad irregularly, 
and unfteadily, cn wholly ceafe. The movements of liie ins 
of the common parrot, is a ftriking example of the mi^xed in- , 

Eucnce. 

The mufclcR of the lower tribes of animals, which are often Lower triHes of 


entirely fupplied by ner\’^cs coining from ganglions, a|)p«ar 


this clafs ; and thus the animal motions arc principally fegu- 


lated 
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fated by the external ftimuli» of wlitdh the cccunence feema 
to Bfpree with the animal necetiitics : but th6 extenfive iIlQf^k 
trations winch* comparative anatom) affords on this point, are 
much too copious for any detail in this place. 

The nervous There are two ftates of mulcics one active, which is that 

aAisa contra^ion, the other, a flatc of ordinary tone, or relaxa* 
through life, tion, which may bu coniidt red paffive, a^i far as it relates to 

*' the mind ; but the fenfonal or nersous power feems never to 

be quipfcent, as it refpefts either the volunlar) or involuntary 
mofcles during life. The )ielding oi the fphindters appears to 
depend on their being overpoviered by antagonift mufclesy 
rather than on voluntary relaxation, as is con.monly iuppofed* 
I have now liniQicd this cndeaiour to exhibit the more 
recent hillorical fads connedid with niufcular motion. 
Cuficlttfioo* It will be obvious to cicry one, tliat much remains to be 
done, before any adequate theory can be propofed. I have 
borrowed from the labours of others, without acknowledge- 
ment, becaule it would be tedious to trace every fad, and 
every opinion to its proper authority many of the views are 
pethaps peculiar to m)rcll, and I ha\c idduced many general 
all iinpiions and conclufions, without offering the particular 
evideme ioi ihcir confirmation, from a dtfire to keep in view 
the li membrane e of retrofpedive accounts, and to combine 
them ^ith intimations for future refearch. The cTire cultiva- 
tion of this interc (ling purfuit cannot fail to elucidate many 
^ ' of the phenomena in queition, to remove premature and ill- 

founded pli) iiological opinions, and eventually to aid in rcD« 
dcring the medical art more beneficial, by enablifbing its 
dodrincs on more extenfive and accurate views of the animal 
economy 



iAe Jfet^ure of Mixhnnu Pofwcr. In a Letter fro^ 
Mf» J. C. HoENBLOWkR. 

To Mr. NICHOLSON. 

Dear Sir, 

I Aiyi V^d to find that foroebody has feconded *roy motion 
pgiflf ^jonperning horjeptrwet^ Rad I hope the fubjed will not be dif- 
* ^ miffed 
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mSlFed until ti hat palfeci ihe unanimous aOent of both Ibcorelic Meafureof 
and pruAical and I mull here exprefs 

ledgments to Mr. Gregory for his improved method of decid* 
ing the quefiion. It i^ofabfolute importance, that liie draught 
be tn a circular direflion, and allb that the radius of the circle 
ha given ; jlor no pohtion was ever more demoiiftrable than 
that the le(s the radius the lefs can a horie (whofe tides are 
equal) exert his faculty of tradton* 

But I mud leave ho ufe a little freedom (in no wife un- 
becoming, 1 hope,) in adverting to what Mr. Gregory iti 
conjunction with Profeifor Robilon has advanced on the Tub* 
jecl r»i Me. Smeaion’s mode of detining tuechurdc powm and 
mechaniciii tffed ; and 1 am furprifed that among men of talent 
and alliduity iherc can be a difference of opinion. It Teems 
to me, that if any rcafon can be found, it mud be that we do 
not underdand die (uhjeCi, and, fierhaps I may give a decided 
prom' of (I 111 w hat 1 (iiail advance concerning it. 

However, J am fare (hat when a ball of call iron, of twenty 
inches diameter is elevated by means of a pinion and wheel 
connedled to the Tides of a pair of flieers, and Icii to hang 
there a little while, — if I rut the* rope that fndains it, it will 
Tall freely a certain height, in a ceiiain portion of time, and 
would dafli a faulty cylinder of a (ieani engine in pieces. 

And I am fo well fatisfied that there was a certain leiulency 
in this ball to fall towards the centre of the earth, that I need 
not take a moment to examine the tiuili oi it; but that the 
dedrudion of the cylinder was occadoned by the ball falling 
from the point to which it was raifed, (Ik>w it was railed is no 
part of the fubjeci.) Then I fay, that if the boil i)a«l not 
fallen from the heigiit it was, or If the ball had not been To 
heavy as it was, or if it had had its velocity retarded by any 
means, the cylinder would not have been broken. I will 
add, that had this ball been a true fphere, and the cylinder 
had not been there, but a certain curved furface in its place, 
which (bould have received the ball to prevent it impinging 
in the line of defeent, it would have been turned out of ill 
courfe conformably, to the irature and pofition of the curve: 
and all that is above common apprehenfion in this matter, is, 
th*at w'hile the ball was falling, its velocity was tnereafing 
'every indanf, and that* when it met wkb the curve yf it gave 
it an horizontal courle) it would proceed with uniform Mocity 

• A 
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jttft twice the fpace Ihroogh which it fell, allowing the fame 
time for this horizontal courfe as it Ij*/d in ialling iti»perpen* 
dicuiar height,* and that ib tendency is to continue that courfe 
for ever. 

From this (laiementof the law of bodies In motion, (fofof 
as it goes) I think we need not be very difhdent in faying, 
that it is from (imilar fafls, (though lets philofophically oblerv* 
ed) that we obtain our primary ideas of motion. « The apple 
falling from the tree is a very good .innance to the point, and 
it would not require a very eAlraordinary firetch of genius to 
apply fuch an arctdenl as that to any thing like the pile 
engine, (lamping prefs, &c. 

But there are certain fpecutative mechanics who intheirmode 
of accounting for cITefls like what are here tlHled. have chofen 
to adopt terms of a very difl'orent import, and tor fomc latent 
roaloii witli to keep gravilalton out of tight. The writer ol* 
the article Dynamics in the 8uj>plemcnt of the Lncyclopedia 
Britanniea, calls it prctfurc, and by his way of philofophifing in 
the cKplanation of the mealure of mechanic power, has (in 
niy opinion) laboured to make it as m)rteri(>us as podible. 

I muft for the fake of Ihofe of your readers who have not 
the work to refer to, quote a few paflTages now and then from 
the above popular work, and here l.w’ould refer them to 
the article on Machinery, where be begins by dating, that 
dillercnt notions have been entertained on this fubjccl by 
Leibnitz, dcs Cartes, and other eminent mechanics of the lall 
century, and adds, »» ihaijomv of (he vmjt rvitmnt prachlffmers 
of the prejait limes (for we mtijl inchiUc Air, SmtuVm in the 
numherj have meajhm qf mechanical power in machinery, 
which tt'c think inaccurate, and (ending to erroneous conclnfions 
and maximsA’ 

' He then proceeds to explain and demonftrate the (rue 
meafure of mechanic power, and he begins by fuppofing a 
man preiling uniformly on a mafs of matter tor a certain time^ 
and going on with the fubjedtakes occalion to difiinguitli 
between the weight of a body and iU htavinefi / and, towards 
the latter end of that fedion he comes (q fome fort of a con* 
elution of tbe>fubjedi, fo far as to fay what is (he real ineafurcof 
mechanic power*: 1 fee 1 roufi make endlefs quotations it 1 
regard (hf very letter of his strgument, but 1 hope 1 Aiall be 
excufed i however 1 will quote the lad paragraph verbatim. 

Kelaling 



^ MECHANIC POWER, '9tSf 

Rpleiing to^lhe preRire of tbc man juft roonlioned, h^. fays. Mcafare of 
** but farther wcf knovN that thiii preffure is the 
we have lio other notion of our own toice, and our notion ot 
gravity, of elafticity, or any other natural force is the fame. 

We alio know, iliat the continuance of this exeriiori fatignes 
ftnd exhaufts oiir ftrcMigih as conjpletely as the moft violent 
fnotiom A dead pull as u is called ot a horfe at a poft fixed 
in the ground, is a ulual trial of his ftrength. No man can 
hold out his arm horizoniaily lor much more than a i]uarler of 
lan hour, and the exertion ot the latl minutes gives the moft 
diftreding latigue, and di fables the Ihouldcr for aflion for a 
x.'ontidt rabUi inue after. J/ut n thcrejore an expcntliture of 
mechanical poivir in ihc fivi Cl pt imitivefenje of the ivord. Of 
this expendiiure we have an exdcl and adequate elfed and 
meafuro in the quantit) ot mo' ion produced, that is in the 
produd of the quanlit> ot matter bx the velocity generated 
in it hy this exertion, And it niutl be parlicuLriy iiolucd, 
that the nieafurc is applicable even to cates v\hcrc no motion 
is produced by the exertion ; that is, if we know that the 
exertion which is juft unable to flarl a block of (lone l>ing on 
a fmooth pax’ement, but would ftart it it imnated by the 
fmalleft addition, and if we know that tiiU xx r>uhl generate 
in a fecond 32 feet of velocity in 100 pouruU of mailer, vve 
are certain that it w'as a preft'urc equal to the weight of this 
100 pounds, it IS a good meafure, though not immediate, 
and may be ufed without danger ut miftake when we have no 
tot her.'' 

1 ftiould not have quoted To much of this feilion, if it had 
not been (hat I think it contains an unequivocal interprelalion 
of the writers notion of the true mcalure of mechanic power, and 
at once exhibiting, in niy proud opinion, (he fallacy of the 
dodrine in to^o. What ! ftiall mere mufcular exertion, 
whether of horfe or man, be efteemed even an auxiliary to 
gel the conc'eption of the nature of the thing ; how much left 
then (halt it be fet fortli as the thing itfelf ? In perfed con* 
fonancewith this writer, Mr, Gregory, page 152, Philofophicai 
Journal, Vol. XI. ri 4 ys, fuppofe that a horfe while ftanding 
Dili, fuftains by means of a rope and ftmple fixed pulley, a 
mafs of an hundred weight, and thus keeps it fufpended at 
-'tlie (op *of a well for* the fpace of a minute; n|;ither the 
antinal nor the weight nioves : but ftiall we fay, in cor/formdy 
^ ^ Article Machinery, Supplement, 4ih Cec. 
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Mcafure of it wouM feeiii ;witb Mr. Smealoo’s meaAire^ tiiAt there is ne 
power pQvrer expendedf no effeft produceiill Ofl Ihe cotnrai^ wc 
know there power expendedy and that eife^y if^ufircientty 
long continuedy vroutd coropletefy tire the liorfe. Then let 
tit have a pqfi inilead of the horfoy and furety that will 'not 
tirOy and what will be the confequence then ? why then there 
will be no power expended, ai>d no effedl produced ; and I 
beg leave to afk my opponent:;, what is the power expended 
when a horfe or other animal is placed there to fudain the 
weight? is it any more than the expence of nervous or 
mufeutar adbon ; and has that any analogy with a weight 
defeending through a given Ipace, either uniformly or ac« 
< celcrated ? and, I afk again, what is the effi ft produced more 

than what is produced by the pod ? the horfe does but keep 
the weight from dropping into the well, and the pod will do 
the fame ; indeed you may fay, that uhen you hang up your 
haty that the pin which fudains it, prevents it from falling, as 
does (he horfe the mafs in the well, and that therefore there 
mud be fome power expended on the pin^ 

It is really difficult to be grave on this occadon ; but I feel 
myfelf redrained by the magnitude of the fubjefl, and its im- 
portance to the community. ProfelTor Robiibn fays, when a 
man holds out his arm horizontally, the exertion towards the 
end of a quarter of an hour gives (lie mod didreding fatigue, 
and then fays this is an expenditure of mechanical power, 
which 1 fhall lake the liberty to deny for the prefent. But is 
it Inch a mechanical power as Smealon\s, or in fine, is it a 
power made up of a mat's of matter moving with any deter- 
minate velocity either uniform or acxeleratecl ? If the learned 
PfpfeiTor intended to familiarize the dodrin? to people of 
common fenfe, he could not have chofep a more indirect and 
perplexing example. 

But let os attend a little further (o the fubjed in the fourth 
fe^ion of the article Machinery, Sup. Ency. Brit. There he 
fays, that '' when a man fuppcirts a weight for a fingle in- 
ftant, he certainly balanc'ca the preil'ure or a6lion of gravity 
^ n Jon that body," by the way here is a great want of precriiun 
in the cxprei&on, preffure op a^ion grari/y," as if ih^ 
were iynonimous terms, whereas prejjure certainly denotes 
repuffimttif the term will bear any definition at ail, and to 
explain the team gravity if it will oot admit of tUtra^ioup I am 

fare 
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fore it cantwt be called fepuMun, but to proceed, ** and 

continues thi^ adifion aV^long as he continues to fupport it, ctTe^. 
and we know, that if (his body were at the end^ of a horizon- 
tal arm turning r^and a vertical axis, ihefame ejfbrt wliich the 
man exerted in merely carrying the weight, if now exerted on 
the body by pudiing it horizo^ally round the axis, will gene- 
rate in it the fame velocity uniich gravity would generate by 
ks (ailing freely.” 

A more erroneous propofition \va« never introduced to (he 
theory or pra61ice ot mechanics. What, is iheni no dilfhrence 
in a man carrying a load on his dioulder, and putting it into 
a truck ? or to come nearer the Profeflbr’s propofition, let the 
man who ha^ to carry two hundred pounds tor one mile be 
permitted to lake the w eight .from his (boulders arid reft it on 
the arm of any thing like a horfe W'heel, perfcclly detached 
from the mil! gear, let the gudgeons be oiled, and then ^t 
him ** it horizontally round its axis until he has tMvelled 

a mile. 

Now without aflving the man which he likes beft, let us fee 
whift he does by placing his load on the arm of the horfe* 
wheel, and pufhing it round. Why, he certainly overcomes 
the additional (Vision which his load lias added to die weight 
of the wheel, and that all, and if you will let us have 
gudgeons which have no (ridion, the man need not to walk 
Jar to pnfti the horizontal arm into perpetual motion. 

But now for the monfirous cunclufion by this propofition. 

If (lie man's exertion was employed to generate motion iu- 
Dead of counlerading gravity, he would generate during that 
minute the fame motion that gravity would; that is 60x'i2 
feet velocity per fecond hi a mafs of 30 pounds. There 
would be 30 pounds of matter moving with the velocity of 
1920 feet per ^fecond. We would exprefs this produdion 
or etfed by 30 X 1920, or by 57600 as the meafure of the 
man’s exertion during the minole/^ 

Here is evidently a typographical error, fiemd for minuie, 
but when we admit fuppohtions for the take of illafiration, 
there ought to be fewne conformity in the fappofition tp the 
fad it is intended to iiluftrate: tlien I would aft, whereas 
the man who can generate 32 feet of velocity in a Wiafs of 
-60 pounds in one fecond Mo be fore be can let it foliiafocond, 
jout he cannot carry it 32 feet in a fecond ; bul^he fays* we 
4 would 
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Meafurcof woold expreT^. the . or by a0xl920 or 

oreW5.^ 5760 as the meafure of the maaVextyllon dcnpg thetuiinute.’' 

Sir, it is mofc than even one of Boulton and \Vaii:»* horfes can 
do. — Well may be fay, ** fuch an exertion will completely 
exiiauft tt man^s flrengfb.'* 

He then goes on to confide »■ ** mnre narroiLljf what a man 
really doesf when ho performs Mr. Smeaton allows to be 
the prodiid't'on of a meafurable mechanical efTedl. Suppofe a 
weight of :i0 pounds hanging by a«cuid which pafTes over a 
pulley^ and ^hat a man taking this cord over his (lioulder, 
turns his back to the pulley, and walks away from it, we 
know that a man of ordinary force wdll w alk along railing tlii.s 
/ weight at the rale of about hxty yards in a mimiU*, or a yard 

in every fecund, and that he can continue t(» do this for 
eight or ten hours from day to day, and that this is ail he can 
do without fatigue, flere are 30 pounds raifed uniformly 
180 feci in a minute, and Mr. Smeaton would exprefs this by 
30 X UiO or '5 100, and would call this llu; meafure of the me- 
chanical effed, and alio of the expenditure ot power. This 
is very difteienl from our mealure .57 (>00.'^ — Yes, but I bop« 
not the lels conclufive on that aLvount. 

It h wdiolly incoinprehcnlible to me why thofe men (who 
have cerlainly a right to controvert any propofition which 
appears to them erroneous) (hould take up the fubjccl, afl'uming 
points which the dodrine advanced by Mr. Smeaton has no- 
thing to do with. It is clear that all this animal exertion 
comes at lad to the law of bodies failing in accelerated 
velocity, which Smeaton allows to be a didind cunlideration, 
as he fays, “ if the weight defeends quickly, it is fenhbly 
compounded with another law, viz. the law of acceleration 
by gravity..” But how inconiident is it to go aboet to eluci- 
date the laws of bodies in motion by the adion of a man or a 
horfe. What is the expenditure of animal power but a wade 
of what has been ufually termed by anatomids nervous 
fpirits, or perhaps an inceptive diforganization of the con- 
ditueut parts of the ligaments and mulcles ? in diort, we may, 
compare ft to contradions, indaminatioi^ and gangrene, but 
^ever (o l he momentum aequ if ed by a bod) moving through 
5 a, certain (pace in a certain lime. It is remarkable, that*" all 
//' this ret^>mg is about that of which 'Mr. Smeaton has never, 
faid a yii^, cv\cept in his illudration of the mechanic power 

necelTary 
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neceffary to give velo^^td heavy bodies^ where he fuppofes 
a man pifthing an fron an eKtended phiiie» and this not orctTc^t. 

to try his mufcular force* ot Jo fee what he crfh do i\ilhout 
tiring, but merely in e)ucidali\i of the dodlftne he fets put 
with. 

I have not time at profer.yio purfue the fubjcA loathe 
extent I wifli, and to enterym the ground of the midake of 
this great man : nor let it be imagined for a numicnt that 1 
have availed myfelf of In'; cverlaftiiig abrcnce, to call in 
qiicdion what he has advanced in refutation of a fnppofed 
error. It would have remained as it was unto a diftant perlorl, 
had it n<)t been, lira! I I'ee Mr. Gregory adv^aiicing the fame 
opinion, which no doubt lie will «lcfeiid or defert. 

I am. Dear Sii, 

Vour obedient Servant, 

.1. C. HORNHLOWl R. 

If Mr. Gregory ftiould road tliis, I (liall br glad if he will 
fet me right as to the idenlil v ot animal excruun and mechamc 
po'iier* 


VII. 

An lmrfii<ralion of all the Changes nf the variable Star in Sahujl i\^ 

Shield f from Jive Years Ohjervutinns ; exhibiting its y.rnpor* 
tifmal illuminated Parts, and its Irregularities of Rntaitou ; 
vjilh Conjntures ifjptrting uncnhghtrned heavenly Bodies, litj 
Kdward Pjgott, fffj^ Abridged fiom the Philojhphval 
■ Tranfadioru for 1 S 05 . 

ThR author begins his memoir with an inveHigalion of the Thr v-a-ji/p 
periods of change in the variable dar in Sobielki's (hield, ^ 

whicli the right a feet dion was 279^ 9 and its dedinaliun „r, it/axi» ia ^ 
foulh 3® bQ*, for end of Jtine J796. Its rotation on it» axis ^*5 
in 1796 was edimated at 62^- days, from a mean of fix obfer* 
s'atjons of its greated and lead brighlnefs. In the prefent 
paper he gives about 26 dniilar determinations, mod of them 
refults of very accurate obfervaiiuns made in dho year 
1796, 1797, 1798, 1799, and 1801. frem Oil ihcfeVefuUi 




The places of 
fall and leaft 
hrightnefs do not 
equally divide 
the ftar's cir. 
eamlcrencc ; 
they divide it as 


Other varioblc 
Hari are fitnilarly 
affedh'd. 

The hmiinous 
parts are thein- 
fdverk variable. 


VARIABLE ATAKS. 

H m3 found Umt the .hmiwQCtn ilia periodd of 

change, as dedi^ced from ifA'fair.M8^^&f t^'eremaob .greater 
tlian ihofc deduced from itst leaA^i^iillumiiiation. The former 
gave the mean period 63 dt js^and the latter 59|; ; dnd-ihe 
mean of thefe, namely 61 1 d4ys, agreeing with the former 
determination to } day; fs as nt'ar as could be eKpe^ed in^-ob* 
fervat ions of this nature. 

The auihor in the next place ,.roceeds to examine fome 
other of the changes to which this ftar i.*; fubjeft. By tabulated 
obferT^alions lljrough the fame feri'.:s of years, he finds that the 
time of clccTcalt!, from the middle of its full bright nefs to the 
middle of its loaft, is on a mean of 31- days; and that the 
time of its incrcafe, from the tnn'dle ot its leatl brtghtnefs to 
the middle of its full, in like manner only days, 7’he 
furn of thefe numbers amouninig to the period 61, fliews their 
probable exadlnefs. T'ticle compared and cvimbined with the 
former deU‘rminations of 179o', give a mean of the whole 
33 + and — days. As it thus appears that the time of 
the decreafe is longer than that of the increale, it follows ol 
courfe, (hat the places of the lull and leafi brightncTs are not 
fituated lit I he ddlance ot half the circumference from each 
other; and tire like circutnfiance Mr. P. affirms is found to 
be the cafe with mofl, if not all the variable liars. 

'1 no next particulars to be reviewed were the durations of 
its brig In nets without any perceptible change, while at its 
maximi.iii and minimum. Thefe determinations required a 
tolerable iuc<?eflion of obfervations ; where that is not the cafe 
be has omitted them in his tables From thele it is found in 
genuirah that when the degree of brightnefs at its maximum 
is lefs llian ufuah and its minimum not mtiipb decrealed, the 
changes take place but very llowlyi and CftnUot be fettled with 
much accuracy unlefs the Kave^ been made fre- 

q^ueinly and with great atlee^i^ He accordingly pafles again 
over the firries of years, (bidwing the dates of tU magnitudes 
wdien at Us full lirighiiMjfs, andelfo when at iU leaftr^righu 
nefs> atjd hC' ta^lates at the end of the firfl, pari of bb paper* 
at)' changes tliAt have been examined. Tht words 
or compartment deferibe them; in Che fe^ 
ebiid prefent refuUi exhibited ; in the third are 

the former obfer^lu^^ and in the lafl cclunm 

is ni^n of both cumpuM proportionally! according 

Humber of obfervations of each. 

I ' ’ A 
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Rotation on its axis - -i - 

Duration of brightnefs. at 
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change - 

Ditto, when it docs not at^n its 
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ufual brighlnefs - - j 

Duration of brightnefs at its niinl- 
mum, without any perceptible 
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change - - > . 

Ditto, w'^hen it does not decreafe 
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- lb mi'ch as idual - - - : 

Decreate in timi*, from the rniddh' ! 
of it>fiill bligMt))el^ lu the ri) dole ^ 
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of Its lead - _ . . 
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ot brightnels* will) a itn'rtii ol 1 j 
its uluni variations - j 1 
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TaWe of the ge- 
neral 

of the vumblft 
ftai. 


Tiie author bnvinj; thus v\uh f IcrahV* [irtrifion rhan^-ej m 

Inclc* eircniinl variation'; ot Ir.t* Itar, pust wU to tixamint* loinc rKCjhon 
of it> otlie; jihcnomena, parlivulasly one winch is coninino to the pcnotls 
iTM'lf of the chaiw;eab!c (lars, and llkcwifo in fomii df?j(rce IVfter /rorn"eacli 
oiir fun, naniely, that the limes of iheii periodical return; ol other, 
|[5ri;:hrn*^rs arc in general irregular, — a nrcumftance fo inle* 
rcHirg as to engage our rUiemion, aud which intiucfd Mr. I\ 
to nsake die fiic*iefnc)n of obicrvaiions in hdpe of di(< c»- 
t rring iK nature and cati!c, 5^il|||hra view he htts proct eth'd 
to tabulate the feries of yearly lo afeertain the apparent 
roTalions' in days from ihc obfefvcd middle itmea of its full 
brightnefs, and ulfo trom the obferved middle timea of its 
leaft briglitnefs for Otigle jrerhid^. From ibefo it gp|:ihgftr«t 
ihat^thc periodical returns oi brightnefs are iinci»iiimoiyty dfuc* 
tiiating, and that tife rfiJTerenccs between the ejuigrikn^are 
VT^fy^niiderable ; to acermni for which he offers tbe**|^OW« 

^L. XI.-^Awgust, 1305. T * ing 
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few plaufible cini* 
" artftlK^Snittr* the obfcmtions 


tog txplaimlionfi 
jeAttres smd (ooie infer 
themfelves K ^ 

Aflutned pofi- I Qa That body of the ft4i are dark and ToIkL 

A 2d. Their real rotations onfjlheir axes are regular, 

j. The Kars are . , y. , , , • 

opak^ a. They 3d. That the lurrounding Vncdiuni is by times generating 
taticni '^Tncif abforbing its luminous parti Vs in a manner nearly 6inilar 
luminous ar^ ** lo wiiat has been lately fo ingenirufly illuftrated by the great 

pcaranccis oivefiigatur of the heaven*. Dr. f-Wrfcljtl, with regard to the 
caufed by an at f , 

mofphere hkt funS atmofphere. 

tbit of the fun 4tb. That thefe luminous pai tides are but Jparin^ly dijptr/edl 
parts^itfe*iipa^'** atm<dphcre furrounding the \ariahle ftar of SobiefkiR 

Tin|ly difperied appears trom the ftar being ocra*ir>na)ly climinidied to the 6.7 
trtitcdoyi***^ magnitude, and much Icis. Jul) <•, 170), it was of (he 7th; 

September Ij, 1798, and Auguft 9, 1801, of the 9th, rf not 
tmifihle^ (See Table VJI f- ) Doe^ not this indicate a \ery 
fmall portion of light on its daikened homfpfuie ^ 

5th. And may \se not with much plaulibilit) confider them 
as fpols, fomewhal circular, or of no great extent ^ lor even 


<. frobahty 
fmall patches i 


on Its hnghttfl hemtidhett the duration ol its loll luftre is, on a 
mean, only 9j cla)s ol ihi o al outone-lixlli and J of its 
circumference, (See Table Mil page 1 K> ) The dimer- 
fions liierdore of the parts enlightened fec^ i much circum* 
fcribed, and can be tolerably dhmated, and confequeritly 
roa) be reprefented ser\ Imall, paiiicuiarJy il the poiierjul 
^et} of a litik light and tfu Ungth of Hint a bright fpot re^ 
maining in view be take n into confidtraiion. 

€. Changeable 61h. And a further ground of prefumption that ihofe prin< 
in iheir nature: 5 ire but flight patches is, that they undergo 

ptrjhiHat chmges, and alfo that fuch changes are very vifible 
to us, fur nioft probably they would impercepiibk , were 
not the bright parts conUa^hsd by confidej^able intervals or 
diminutions bf light. * 

7 .And<ledttcibls 7th, and WL We my obtain fome of the rtlutue 
noMu*** or tnurvdU between thefe bright parts, by the obferva- 


e The reft of the paper is given without abiidgeincnt, and the 
ettlhor bimfdf fpeaks in the ftfft perfon 

t The aothoi to his tables in the Tranfaftions, of ^tch 
the ab^gid lefult haa been heie gitciu 

lions 
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diangerand ti|Se^ oi^ ^(9te TdbU V. 

|»ag6 13S| and Phfl. TranlS&r, 1797.) ' ‘ 

I have fried praflically the abbiw fuppofitioDS,F.«pwiiiiiiitwitli 

by placing fmall white fpota iia a dark fphere» which being * ^Phew. 
revolved round reprefenledjihe various changes as nearly as 
could be cxpecled : proc^^jd^g tt^efbre with thefe and other 
confiderations, I fball malJe ideal drawings of the (lar with the 
foiall illuniinated parts in'^Us almolphere^ and apply lo them 
fume of the actual obrervatiatis from both the preceding tables, 
having always in view that «acfa period may, more or lefr, 
require a different difpoiitir^ of fpoU, in confequenco of ibeir . 
coudant changeability. 


IJt View. 

Plate XIII. Fig. 1, A B, the flat's polar axis, round which VIpw of ihe Aw 
its rotation takes place in 62 days from C lo D. brightneS^^ 

C D, its equator, the 360 degrees of which being revolved 
in 62 days, gives nearly 5^ degrees for each day’s motion ; the 
brighlefl part or fpot is reprefented as centrally facing us, 
and accordingly (hewing the flar in its greatefl luflrc. Were 
this bright fpot and tlie other parts to remain unchangeamcp 
they would after having completed the revolution of 360 de* 
grees, or 62 days, (the ftar's rotation on its axis,) appear 
again as at firft, and at every relurn.continue to give exaA 
periodical times, as was nearly the cafe in 1799, between 
Augufl and Oclober, (fee Table IX. p. 142); but if the fpot 
becomes obfeure, and another brightens up in a diflerent 
place, this latter will make the liar appear at its next full 
fpleniiour either fppner or later than iJte i.c^l rotation accord- 
ing to its pojQtioOf thus. 


^ Qd Wftc. 

Fig. 1. A ft*ll brightnefs tMjtvI^ been fbewn by the fame Anomaly fronp 
fpot, it afterwards lufes its tig^f/'and anoOierat bright is 
duced 3 days motion (or 29 degrees) prebeding it at E, fee a^aremly ikort 
Fig. 2. This latter, when turned centrally to ^ qt^ihi wiH 
appear 5 'day$fooner than the former one, now IkbTcuredi^ (boftr 
marked ?,) and (bow (be flar at its full luftre» makitig the 
rotation 57 days inflead^of 62, which was t|ie 1796# 

'fh£r;«Sl^ved revolution between September 17 
bef 13. (See Tabic iX») 
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Ajiathereiufine . Fig. 3. \|r« «viU now appfy'aMf|^^'«n iH&rval of too greot 
rentlytong**" that ol ^2 day* ; tho ifeiSt «it alone luivhi" flwwn ui 

the/ (tar in itsfutt faiflre, iU fi^t tltfappears diinn^'the revo- 
lutioDg and another brightens v >rlh ten days (or degrees) 
follnvdng it at H $ wlieii mretuySs to face us again in 02 <lays 
it being chliteraied, the flar wifi ippoar obfeured, and not 
recoveritsfpiendour until the new I'^ghfened part H becomes 
central, whiali being ten da^ latet ''^ian the pofition rh whtcb 
«t was feen, makes ihnrevnluit' *i 72 days inlleati of 62« as 
waa obferved between Jfeiy 1 1- ^ Seplember 21, 1 SOI . (Sec 
Table IX.) In the above caie th' alterations took place while 
behind the flar, oiherwife feme irrogiitarilics would have beeii 
perceived, as will later be noticed. The fan/ rcafoning with 
proper alterations will, I appit'hond, account lor the other rr- 
volutions, yef I (liall loon again rLlumc the lubjecl with le- 
gard to a jait^ of the greateft irregularities; ut preient let us 
proceed to take a tew view.s of the intervals of its Icafi h jfht* 
nt(\f which, contrary to my c\pf6litlion, I 6nfl much mote 
difRcuIt to explain than tliolc of the full, although the rcfults 
diidgree lefs among (hemicives. The darkened face of the 
Oar \f> here repretented with a few fmall ch.ingeablo bright 
Ipots, placed in general at a proper diHancei fo as to keep up 
on uninterrupted increale and derreafe of light with regard 
to us, and aic alio made to corrcrpoml with fcseial other 
obrervalton!»« 


4 r// rtiu. 


Greateft period Fig 4 * IS lo explain the grcaleft interval ot 7 1 - cia\‘, 
explained; be- between Julf ith, And beptembcr loth 1799 - (See Tablr* X.) 
ct leaft bright- The darkened bemiiphere here exhibited m its namffnun July 
nefi. Hiih the following fpolfb ttr nearly gone, off, next a trrail 

one I, tlwn abother F of a IbiSar fize^ preceding the ( euirc a 
day or t wor (or n few degree**, (and laftly a |^tght one at D, 
juft appearing. During the roigtion. D loftng its iigbband the 
P betTomieg muef* inghter, the ftar at its next return in 62 days* 
sgAe# at \U firft pofition, a^uft coarte appear much brighter* 
(Sbei%4 5 ) but by the retiring of iaiid P continues to dima- 
a)y(h in Jttflre tlH the appearance of feme larga fpot ftoin the 
ej^bemirpherei which takmgpiiu^''l2da)sailcrwaraw^>K> 
' tjhea this time is added to the 62 already revolved) roake'^the 

rc\olution 



STAKl. 

feiTfiluttoil 74 $ for a view of a fiiortfakt^r* 

val« for the prcfe&lti&ilib^^lli^diiy^ be takim tetween Augult 
21 A Aoli (Mdlkr 16th I SC^<(See Table X.) " 

dih iLtWf 

The leaft brightncrs or ia reprefented by Tig, 6« Lead bnjhtacfs* 

wheti the bright Ipotsj^ ahi^at each extremity of the equa^ 
torial diameter are mutual/ bat juft ia tight and a minute one» 
r alone on it$ iurface prcc^ihg y by 6 days motion : n n, are 
other middling (ized (pou^^^ar Jsat preceding it ; they 
cannot for the prefent be (ecu# being on tbo oppofite or bright 
hemifphere. The fpot x dJfiag the ftars revolution having 
Joft its ligiit, and r being condderably increafed. the next 
piiiumum will be between /i n and r, (inftead of x andy.) See 
fig. 7 ; and by the retiring oi n a the diminution ot' the fkir's 
light will coniinue to take place onlj until the r(>jppeaiance 
of r, at the place where y was, which being 6 dajs looncr than 
the former poiition. (See ftg« (>,) reduces the rotation to y> 
days* AH the foregoing views aie from unconneded periodic 
where out) the ulctmate icturn> (»r c»ach appearance have been 
attended to ; but now, I dial I examine along interval with 
many intermediate changes, that between June ibth, and 
September I71h 1796, wherein arc included llu‘ moll intricate 
irregulariUcs and vicHBludes: thefc oblervalions arc already 
pointed at full length in the Philufophical Tran(a£lions for 
1797, and therefore can Ut any time be intpeOed; indeed, I 
then little tl o iglit (bey would ever become ol further ufe, but 
that of flat tug to which, however, I have ahvays lx*ejt 

very partial, and particularly fo, after having experienced the 
advantage of Maraldi's printed ubfervalions on the variable 
ftar in HydrSf a4 it was partly by them (hat I afeerfained the 
periodical return%of brightnefs df that ftar, and which flattered 
me the more, as Mbmidi had been left ruccefsful 

in the attempt | See Phil.vlP''rfi6i. for 1786. Yet ill the 
prefent Paper 1 have omilted eN fpeh details, being aware 
they aright be IhCughl too VolatliinKHi^, bat hope at feme 
futore time the SodetjT will boocef them with g pfaco in UvAt 
libfacy* 

The ftij^iketch# MafeX|V*r6^teftiim, for June 1 3, llfOS, the 
cofrij^avative fiee of the bright ijpots tiippofed to farroifn4 the 
Aar, but bore extended at All l^gth} the next dght foliowtnf 

• are • 



VAILIABLK <VAIIK 

EttpltM^on by stt f{>|ieric»l vtefT*, on «« fep^ toi mb qaarterly# 

fcewing di«fl||Cf« a* ckprefled 

vini^M Ud in the adjoinwg f«niatk«, and amSpMimg with the oMerva- 

in^uliribct of tJon, . betiw taken firom/ajr printed paper, as dceady 
light in the ftar ♦ , ^a r I 

in hobieikrs mentioned^ are ampffii iH It will be leen that the fpots 

Aleid. by which the cbangei aic j^iitVpttHy regulated, are pbeod at 

equal difiaucetg yet iutermediateones might alfo frequently be 

inferied without occafiontng any ouc6lion^ but that offender* 

mg the enphnations.inore corople34 

REMARKS oK PLATE III. 

Pig. 2. ** June 1 Sfi, jFuU brig* Mag* bright 5th/* before 

or after which date the fiar wouru appear lefs bright, by the , 
/pot E being removed from the centre, and one ot the olhera 
out of view# 

Pig. 3« 3d, 15 days or { rotation being elapfid jtnee 

June ]8tA, 5lh Mag, a Uttle decreajbd** by the removal ot the 
brightefr fpot E. the 4 being much lefs. 

Figa 4« ** July I9tht 16' days or j rotation 5.6 MQg 0 ftiH de- 
cteaftd/* N being much lefs than 4. now gone oflf. A flight 
minimum/* 

Pig. J^dy 27/4, 8 days qf the totatiaHf 5 Mag* rather 
increojid'* by the conhderable increafe of N fince four days, 
with the addition of F, a flight full Inighin^*, 

* F^g. 6. ** Aug* 3d, 7 dayb {fYoiation, 5,6 Mag, deereafei by 
the going off of N, the E, which is now reappearing, being 
reduced to much lefs than F. 

Fig. 7. ** Aug* 1 9th, K) day^ at' J roiaiim, 5*6 Mag, again 
decreqfld,** by the removal of h, by E being much lefs, and bv 
the 4 alfo belfi^ confiderably diminifhed* 

Fig. 8. Sept 3d, IS days or | roiution, 6 Mag* full moie 
decrtufhd/*^ |nr the 4 beii^ foiioh iefs than ]^, which is now 
going ofl^ 0^ >}<rcairceiy i^^ring, nnotker minimum. 

Fig. 9. 47 i4, Ibjifgteprnear J^rotat^, 5 Mag, full 

bt'ighinejh'pi^^ tncTAI^,*' by N having rclainwl its iq. 
created l>rt|^neft of Ja],,87, , imI now fitciqg m eeniraUj. 
iil^ ere exbibiiedr Utft two fliort intervals of its fell 
one between June 18 and Jn)x S7, id* 39 days, and 
Ibe^Othar between July 27 andSepit* 17, if 9i4*y** Spe 

tmss. V ‘ -V - 



STARS. 


2dly, Th% two muAMt bfB*pJanatioii by 

Joly loind S6fd»^i; .Sc?Sj^“X. Se^ioS^ 

Sdly^ The Idng decieafe^^ days betWocSi July 27 and variations imd 
<U^ o >A 4 j . . ^ irrefularfttes of 

Sept* 5, anid 1 . * light in the ftar 

4iih]y, The rapid increales of S^llild 14 A&ys between the 19 in Sobieikt** 
and 27lh of July, and the 3d ani I7tli df September* ^*^*‘** 

As alfb the other interradSiate changes, yet I moll again 
repeat^ particubrTy as a i/w days error may cccaflonally pro- 
ceed from the obl'ervatioi^, that by thefe Iketches it is not 
meant to give exadl drawing'^f the Sate, diftances or altera- 
tions of the fpots, but merel Jto Oiedr bow the changes may. 
take place, as. I believe, no^ngoflhokind has hitherto been 
offered to the public, either with or Without corroboraling'ob** 
fervations ; nor do 1 prefume to think, that the exphinaiions 
arc the only ones or befl can that be imaginedt the more fo, 
as they foiely refer (for greater (impficity) to the liar's 
eijaator. while poflibty. were the fpots placed in a northern or 
Ibothern* latitude, or permanent ones near the poles, or were a 


proper inclination, given to the polar axis, they might be more 
fatiifadory : however, the materials tbemfelves. the ofytrra^ 
tions and deduBhnt will 1 flatter my feif ever be acceptable, and 
contribute to bcilitate future conjeflures. which from an allow* 


able analogy may extend to iimilar pans of the Harry fyfiem, 
with regard to the probabili^ of eflablifhing whether any §X 
the roofl irreguiar or perlicular changes may not return at Jixt 
periods, or after a certain number of rotations. I think we can 
entertain but flight hopes of it. oWing to the greet ftuituntionot 
the luminous matter, as (hewn by the perpetual varying of the 
oppareiif revolutions, magnitudes. &c. See Tab. IX. X. andVII. 
Still it is natural to(u]^pore. that fome parts of the atmofphere 
of this ftar may have a lefs tendency than other! to become 
luminous, fo asido promob) at $flbrent times^ ||iwilar appear- 
ances ; and indeed that is indicated 1by^ of 

ttie minima bethg br morere^kn- tfaw ihoffot'Ae/l^brightneft, 
which. wM other reafons induce os to 
of fts hemifidieres is iefs favuarabiy c^nOltiked ^ iqu 
ibaW the other for life gene.ratihg of thefe particles^ alcltow 
they do occadonatly encroach on both tides, as app^'fu by £e 
obrerv%>^s between lane and Auguft. See Phil. Trans* i[or 
1797, or the eight Iket^es of 1795, and likewife in ^^97, iee 
Tab. VIL when during three months H was only* reduced to Ike 
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VA&UBLB S94JIS* 

^ or wlyoh ItorfurrounJcxI 

Changeable ftiri ft, m«rfl have Dcarl) ei|ttnh hi^iie coiHbs of va£t^ingUs 
wawntj"* it viouW o^or Jq^^’oiiHnqcd to appear as an 

umhangeaMe^eCof (lu* 5 of >'* 

lever al others that/or^rfiJ^/W^r iaeit vai tables, but lot many } cars 
retain a fieady tsarigblnels^ asi ^tGeinnoruni, ^ Urfse majoris, 
» DracomSj^ and perha|>&tha( in ttii^ovN aii\ breads hileoihers, 
zhtif Jhfiwing their have eMf/V// thijjjpeured, owing to a 

tolal ab(or|)lion of tight, as l!ie iaJ «a^ uiie in Cadiopea, in 
Sirpcntarius gt tbOb» tlM^t near ^ .'svi an*, lit ad, and doubtlofs 
ninny luuie* poos pot ibii> ind^tt us to j relume that there 
are atfo others, tha^ have arif / a /i a glimple oi bnglitnels ? 

^ Ladlyit. new vanobkf may heenmt. t\> at ditfi lent pt nods, by an 

unufual t|lyd partial lAoreafv- ordiinnuititm ol their bright parts. 

iHit unlikely was (he caU oi o C. t (i. Algol a Heiculis. &£c. lor 
thole liars being by (Hm‘» vrr) conlpuuous, ihcur changc«. had 
tin) been always equally gicat, nngl t have been cafily noticed 
by (he ancient 'anrom>tnci^> who ohlericd only with the nuked 
tye. A few lines abovc^ I mentioned the prob/ibility tnai theie 
esided prmar^ bivihble bodies or unienlf^kierud jkos (il 1 may 
be aHowed the exprcQion) that have ever remained in eternal 
ihtinefi ; how tiMtnerous ihefc may be. can never be known*. 
pe«’l*»p^ cquallm Would it then be top daring or vifionary to (juppoftt their oum- 
wfibie^oiiM. * equal to ihule endowed with light r particularly vs'hcn we 
take into contemplation the ample let qtvbodies vihble only by 
reile6led rays, that appertain to our own lylliem. inch as the 
planets, aderoides. comets, and faiplliles. Do noi tiiclc. al- 
though bttt of n lecondai y nature, lead us to vcnluro on the 
ioregoing more enlarged conjc61urc ; and moreover to luipe^d. 
that the tnUghlt,ncd Jlars are tbofe that have already attained 
the higheft d^giee ot perleclion r granting* therelorc, lu* ti 
multitudes do^feally eaddf cbiflers ot thtm. byjbeing loileiir^l 
together asjn*^^ mitky-way» tDufi intercoptall moic d ltjiu 
lays, and if ^eeftoii) aoy intervening hghu. they would ap- 
pear as da^’t the heav^ps. fimilar to whaijj^s been 

obferved in Ih^ $ob^crn H^mirpbere. That {o few ol tbelc 
oldpurd phee^ are percelv^d» may be attributed to their betixg, 
oU&^ied ky the prefence either of icMPe Icatlered ilars, or 
^ flight himinoa> appeacaucos. a 

Our fony d | Kfive^bu't fully invefligated the nature of tills diltonT fun; 
SSK^>J«|U one avnong many miiUons. and (wsoely perceptible 
Kami . 5 im 
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the fightr:, n a nil|s^tl«nce tbaa o«r ^ wn 
liiminarj^.. But abundanlljr with refplcn- 

dent partictes^ white SobielT^i^': variable ftar them moll 
fparingly <)ifperrcd over tUi|pti*‘^6t ® (cantinefs ihalbppstrcutly 
muA oc<*alj< ii lo iis luiTounfti]^g:|3^afieUy eoAddnl viciSltmlea 
of vnceiuiin duiknels, ami rv;)fuiioli«€^f light and heal. J^ovr 
far inore enviable Icvni^ « jr fitnaikmt i mean tliat which 
we enjoy at pretenl : th ; c bc*ing firoftg reafons to believe, 
that the funV lur.iino;.-: :T^t>earanre lias been at times ronfi- 
(lerabfy dirainllbec! ; ami I r. - ^e little hefitalion in co«ct*:ving 
that it may alio bo revluced J t lonie tbturo peritxi to foiall though \t m.iy 
patches, and I ben tiie appa /nt trregularfltes of il« 
rotations, wha h at preient are only perceived by iho oblcr- 
vations of UMling dark vvouhl becocnc evidently coofpi- 

cuous, parlktihirly vvjjen Teen a( a diiCJnee as remote as the 
vaiiablc flars are from mj. dut Inch (‘onje^tinal flights of 
tanc) cannot too fboti be dropL I ihciefore (halLcouoIucle 
with oblVrving, that (hole itu|ti>nes on fhe alteiations of light 
of the liars havu been liithi difcuilbii, that it is to b'j lu>p«*d 
tliey will not be, dilcuntlnucd ; and although I have alrcMfly 
troubled the Sticufy svitli many papers concerning fiuli 
chaiigesi I nevertheh fs propolb, ere hmg, having th*; honohr 
ot pielenting them with one more, moil piobably n>y kill, on 
this fubjcct. 

KDVV. PIGOTT. 


Vlll. 

jlcawnt of a Luminous MeUor^ By o Coxstawt Readea. 

^ To Mr. NICflOLSQN. 

SIR, • ■ 

1 i.AVIXG found it frequently ftated, (hat it be ufeful, o«r<ript><m of 

ihould every one who has A lair opportitnlly of netin;; with 

#• LI 1 ^ .a . . V ^ cotirfr, ana Ju- 

realonabie accuracy, the coarle and pftttud<^ of iiieteort«, def- ratiou » lumte 
cribe Iheir appearances as well aw they are able ; I tend yoM nmteat, 
the following account to make what otVof you pleate. 

Laft night (Sunday Ahc 21 11) palHrfg along the Sirand* I 
Bopped at the door of the Crown and Anci^or, tfie^vacaiiE 
fpace before it lately caufed J)y ibe pulling down of hottfts 

afferinf 



PAEcil»iTATioir or 

Ddkfiption of ot&ting a ootifidoiteble ^i^vens^ tdf that time 

wrie’^nd"'** ^>®widid with I was looMtg With aUei^km towiiMs the 
duration of a N* W. when iii^enly a meidiMr^froiii about 35^ of hei|^^ 
Ittmiaoufe me- ffQn, epfiarently about the (iae of 

a tennis ball, pemaj^s hardly ^ large, it was followed by a 
ihream of light i^icb feemed ifi fpecks, the length of the train 
was ab6ttt a degree^ that is about twice the apparent diameter 
of die mooh. Its courfe was fronw North of Weft towards^ 
the North, pailing about beloy/ftie of the Great 

Bear, « which I judge was then ^,out 45^ above the horizon^ 
Its motion was tnajeftie, by no Iheans rapid, I am fure it was 
full ten fecotids in motion, the li^ht not fo piercing as that of 
a ftar Of the hrft magnitude, but exceeded that of tlic iecond, 
.w'itli which 1 had full opportunity ol comparing it. It ran 
through 30^ of the heavens, defenbing an arch of great 
diameter, its path was convex above, and declining down- 
wards, The extindion of it was at an altitude of about 25^ 
having fallen certainly not moie than 10^, I do not think fa 
much. It very vtftbly ftopped before it was extinguiftied. 
It burft at laft with very few (parks, and its train and itfelf 
together difappeared fn a moment. I had perfect leifure and 
fpace to obferve Its whole courfc, it expired below the feqond 
pointer, I Inftantly drew out my watch, and comparing it 
this morning with the clock of St. Paulas Cathedral, it was 
exafily at thirty-one minutes after eleven that I obferved the 
end of the phenomenon. 

I am, Sir, 

Your moil obedient humble Servant, 
A COVSTAMT Re \DEK, 

Jlfondt/y, 1805 . 


IX. 

PrtcipiloHon Phtma as o Onfcring or D^cace to polijhed 
Slul, and oijA to Br(ifh, In a litkr Jropn iT/r, J. Stoda'rt, 

' ' To Mr. NICHOLSONV 

lISlxAitSfa, • 

V u ^ 

Mrim Is idUn kindly Favoured me, by inferting in the Itift Number 

Its Solution gj excellent Journal, an accouni ot a method I have 

3 ui«a 



!£CI»J'rA«M)l OF PLATlIfA. fftS 

ttfecTwiT!) fyi^Xs, for ileel with gold ; pier* 

iup» It eewy be kiMWritii^ tiial a very, fimilar procefa 

may be performed with platiee, T|ial metel^r ia a (late of 
(blutton, U taken up from the ^cid by agitation with ether, in 
the way that gold is, though certainly with lefs avidity* The 
ethereal folution of platina alTorded by this proce(«i,. is, like 
that of gold, depofited on llie furfacecd^ poliflied iron, or ileel, ^ 

forming a coat of defence from ruft. It is perhaps a fik£l of * 
equal importance, that tlj'^ furface of polilhed brafs is coated 
with platina by the fame c/eralion that (Icel is ; namely, by and alfo brafi, 
plunging the brafs for an inl>int into the ethereal folutioiK 
As far as 1 know, thefe fa^ '^have not hitherto been noticed : 
on the contrary, authors highly rcfpeflable, have from ingeni- 
ous and well condudled experiments, been led to cotmltiijons 
very oppoiite to thofc I have advanced. Dr. Lewis, to whole Dr. Lewis's cx- 
genius and iiidunry the arts are much indebted, fays, " gold contrary 
is the only one of the known metals which the ether takes 
frbm acids; and hence this fluid alfords a ready method of 
diflinguifliing goldf con|aincd in acid folutions.’^ The fame 
autiior gives the following experiment. ** Sulphuric ether 
was poured into a folution of platina, and into a compofition 
of platina and gold. The vials were ftopt and (liakeii, the 
ether receiveil no colour from the folution of platina, but be* 
came inflaiitly yellow from that of the platina and gold.'* 

The only vs'ay in v\hich i can account for thefe refulls, fo coiv 

Irary to my experience, is by fuppofing that the platina with 

which Dr. Lewis made his experiments, was not fo pure as 

that with which /we are now furiiifhed. What I ufod was Brobabty becanfs 

part of an excellent malleable bar, its fpecific gravity I do 

not exaAly know. I am inclined to think it was quite pure. 

The ether was furnilhed by my friend Mr. Home, whom t 
am again happy to thank for his kind and able afCflancc. 

The ethereal Tulution of platina is of a beautiibl pale yellow 
colour, does not at all (lain (he hand, and is pr^pitate'd by 
volatile alcali. The precipitate 1 haVe notexam^ed. It may 
lie fulmiiialing, and I have no reliih fd^^xplofton^ The coat 
44* platina on (leel is,of a dull white cotour. I have* no doubt The platina 
or its proving quite as good a deh;nce from ruft, ** tmai 
of gold* It is, however, by no means fo beautiful; for which gold. 

4’eafun a preference wftl probably be given to the Igft naitied 
melal. 1 baye.ufed both the gold and platina in*coat^ 

different 



eXPBatMft^KTl on 

diilhtetit part» of the The*cf^ producrf 

by the conlraft; of tolour Je ileauit(e£^ Wfwibef aity 
of .thefe obfer^iteiioBD m&y be iiHorth comutt^Olcating through 
the -iiteclium erf* y^t mod ufefLd ^ootnul, is a quedton I beg 
leaue to fiibihii isoitfely to your jtkigntent. I have not tried 
any of the cffenliai oils with folulion of phtina ; further ex- 
periieetits wiU probably be made with metnlltO folutions, 
t^Uiofe who have inore time, aoil a belter knovrledgO of 
lhafo (ubje£ls« Such* purfuils whin the relults are frankly’ 
comroonicated, promife to beneyocience, and mull ulttmaie- 
ly prove ufeiul to fociety. C 

I remain wiilV^tnich refpe^, 

, ' Dear Sir, your obliged Servant, 

. , . \ V ^ J. STOUART. 

Strand, Juljf ‘2^, i 805* 


X. 

Experunents on ffanis^ By Mr, D a v r n M v s ii ett, Frvm the 
Philojbphk(d TranjMions, 1 805 • 

i . 

(Coneluded dom Page 204O 

Forging No, 2^ : 

One jp.oiNhrs cake was heated to a fcarlet flwde, and put 
uiid^ fh^ eutUnig chi/Iel; it was at fird drack lightly, then 
rebel, ted, ami cut comparatively fofl; bat a linall crack bad 
over-rtie the progrefa of the cbiiTel. Its foftnefs in cutting 
was attribitted le an evident want of folidity. The other Imlt 
cake felt .harder onder the hammer, but proved auerv^ ards 
fpoiigy tliroi^hoat tbe^mafs. In the aAof cutting, a loole 
palvenfed from fome of the cells 

pofleded of appearance. 

- The fraCIm^/oi^inad in;confeqaence of the divtfibn of the’ 
half cakea,^^rented ii ftalttfb crydalltaed appearancct more 
refigipUiag very white cad iron, thanileel capable of being 
extflpdod under the hammer. One of the midife cuts was* 
e|lif^ eit^|u]ar tttiih crydallixed mlertors, and incapable oC 
di|p|ug* j the mtrrel^dtng cut of the othec |«IF ^e waa 

drawa 



s€cPEIttMUT9 OK WOOTZ. sssSj? 

rtUa« ftfait bar. lytir^'qiMrters. of an indi tn breajt^ 
and ibrojMigbthif^ick, hut waico^^red with cracks and flawa 
from ^lui to emt* The colour of the break ^as one (hado 
Jighter than No. 1, it tore, lefs out» was equally yo]ky» and 
)K»ire(red on the whole an afpecl very unfavourable for good 
fleel. 

The other two outfide quarters were abb drawn into fiiape« 
one under the lilt hamuuT. and the other by hand. TheCe 
were more Iblid in the.’ tr*i^ure, pofl'etfed fewer furface* 
cracks, ftood a higher degre . of tieat, tore out more, and ex- 
hibited a filky J^loOy gr:’in, .iiMeaft two (hades lighter in Uie 
colour than the centre piece ^ 

For^^ing *Sd Cakf, 

One half of this cake, fiift fuhjcCted to be cut, found Appcnr.\nces on 
fnf'lcr than any of !he preceding*, and exhibited no 
loni of cracking. The other half was cut at (bl^ heals, * ^ 

but found loole and iiollow in the extreme. A confiderablc 
portion of the fame brilliant powder, formerly noticed^ was 
here again difcngagcd. It was carefully taken up for exami- 
nation, and fbun<l (o be very fme ore of iron in a pulvcrcfcrnt 
ftate, very obedient (o the magnet, and without any doubt an 
anmetallized portion of that from which wootz is made. 

This curious circumbance led me to examine eveiy pore 
and cell throughout the whole fragments. On the upper fur- 
facc of two of them 1 found fmall pits containing a portion of 
the ore, which had been Hightly agglutinated iit the fire, but 
fiill highly magnetic. The upper furfacc of the prefent cake, 

<. Iore by tl.e gate or feeder, contained a large pit filled with a 
ftralum of feiiii-fulcd ore, furniounled by a mafs of vitrified 
matter, which bore evident marks of containing calcareous 
earth. ^ . 

Tliolf who have devoted fufficient attention to the afTinilies 
of iron and earths for carbon, will be furprlfed to find that, on 
this particular fubje61, iIjc rude fabricatofirof (leel ih Hindufian 
have got the ftart of our more pot)(||i^ oooniryibeii in the 
manufacture of ftceU " 

Two bar'i of wooia were formed from this cake, and Ihcfc 
in point of quality inferior to any of (bofe ^rnierly produced* 

* The appearance of the metal was more varied, lefahomoge* 
neous, and contained more ciifiind laminae with rufiy rurfacei, 
ilian either ot the two former cakes. 
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It appeared highly probebfe/ from Ihe obferiraitfons that oc« 
ctiifecl in forging, and in the examination of^the cakd^ that the 
original propoHion of mixture wan fuch as would have formed 
tt quality of fleef fofter than No. 1 and 2; but as fteel of fuch 
foftnefs requires a greater beat to fule it, than when more 
fully (aturated with carbonaceous matter, it is probable that 
the furnace had not been fufhcieiuly powerful to occafion 
complete fiifion of the whole mafs, And generate a fteel homo* 
geneous in all its parts. r 

Forcing ‘}(k Cake, 

on halves of this cake cuKoleafanlly, and with a degree 

forging the cake of tenacity and reiitlance, mixed at tlie lame time with foft- 
ot voou. No. 4, beyond what was experienced in any of the lormer cakes. 

Two4]uttrters of this cake were drawn under the tilt hammer^ 
and one by hand, The cefuhing bars were nearly perfe6k. 
' A flight fcale was obfervable upon the bar, from that quarter 

which contained the figure. The fra£)ure was folid, though 
not homogeneous as to quality and colour, and it appeared 
pretty evident, that a conjiderable j^ertion of one fide through 
the whole bar was in the date of malleable iron, and of courfe 
pot capable of being hardened. It was a fubjed of confoler* 
able regret, that the cake the pioil perfed and the moil tena- 
cious of the whole, in the prpeefs of forging, (hould get an 
imperlcdion which rendered it ufelefs for the perfed purpofus 
pf Heel, r V. 

Forirhig 5th Cuke, 

Appearances on 7!h!& firQ Jia|f pf lips cake cut uncommonly foft for wootz, 
forging the cake but by crucklng before the chiil'el flill exhibited a want of 
ot woou, No. 5. Jhe next half cut equally foft, but with more 

tenacity. I^wo quarters of this cake drew readily out under 
the tilt hammer, and a third was drawn by hand at a bright 
red, foinetifn^B approaching to a faint white Jieat, None qf 
the bars thui .ojataijimd were uniformly free from cracks and 
fcale, although < exhibited a fair break of a light 

blue colour,' and tbe|^iii wa^ diftindly marked, and free froqr 

General Remarks^ 

_i . 

Remirks* ' ' The fl^malion of wootz appears to me to be in conrequeiice 
so^be^thcT^^ro” ^ fuCoii of a peculiar ore, perhaps calcareous, or rendered 

fad of i pccu- ^ * highly 
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Wghly fo mixture of calcareous earth along with a por- liar ore fufed, 
lion of oar^onaceous matter* That this is performed in a clay 
or other veffel pr crucible, is equally prcfumable, in which the vcflci" 
feparated motal i^ allowed to cool; hence the cry flail izat ion 
that occupies the pits and cells found in and upon the under 
or rounded furiace of lijc wootz cakes. 

The w^nt oF hqmogonit\, and of real folidity in almofi heat W 
every cake of wootz, appears to me to be a direct coiiffqueiice 
of the w'ant ot heat r»ft|ficnlly powerfui to circ£l a peifc«^l 
redudlion ; what ilrengti»cn'» tins ruppolitiork much is, that 
thofe cakes that arc the hardi.fi, i, c. that coitiain the grealefl 
quantity of carbonaceous ma ter, and of courle form the moft 
fufible fteel, are always the mofi folid and homogenious. On 
tlie contrary, thole cakes, into which the cutting chitfel mod 
c^afily finds its way, are in general cellular, replete w’itli 
(aminse, and abound in vciii^of malleable iron, 

It is probable, liad tlie native Hindtifian the means of ren- which is the 
deriug his cafi fteel as (luid as water, it would have oexurr eel 
tp him to have run it into moulds, and by this means have njoulds. 
acquired an at tide uniform in its quality, and convenient for 
thole purpofes to which it is applied. 

The hammering, which is evident around the feeder and 
Upon the upper furiace in general, may thus be accounted tor. 

Yf^hen the cake i.s taken from the pot or crucible, the feeder 
will moft probably be Ibgluly elevated, and the top of the 
cake partially covered with fmall mafies of ore and lieel iron, 
which the paucity of the heat had left either impcrfefily fepa- 
rated or unlufed. Thele moft probably, to make the produdt 
more marketable, are cut olT at a fcicond heating, and the. 
whole lutface hammered fmooth. 

I have obferved liie fame fafts and fimilar appearances in 
operations ot a like nature, and can account fatisfadlorily for 
it as follows. • 

Tbc firft portions of metal, that arc feparated in experi- 
ments of this nature, contain the largeft ihare of the whole 
carbon introduced into the mixture. It follows ofcourte, that 
an inferior degree o/ heat will maintain this portion of' metal 
in a ftale ot fluidity, but that a much higher temperature is 
r<^quifite Ip reduce the particles of metal, thus for a fealon 
.robbed of ibeir carboif, and bring them into conta^ with the 

• • portion 
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portion firk rfiiclen'd to deceive Jht*Jr piop^ruou of the 
Jtecly puncMpIe, Whore the heat is languid, •the dLfuFiU of the 
kft portions ok iron is fluggini, the omK bcl )'\ Legins to lofe 
U'i fluidity, while Its diipobtion h>f giving nut ta^-bun is r^jclured 
by tliu gradual addition of moie iron. An acnimulation takes 
p/dCe ot rne'aliK muni's oi vumoin fiiuintfr . riling up for 
halt an null or mon* into the gli>K that ro\'rs the metal; 
ll»ete aie n<Mtly vvcldcvl and inh*j ed n '» c irh other, and 
dimimni in dianirUu ai llio) go up. Tin* 1 i gtli, or even the 
fKitteiu c ot ll Is oi t v c*'* lu e, th nt nd upon the heat 

111 geijtial, and upon its n p^‘ • t rl'd' pf riodsof the 
lame proctfs. If theie he s Li^ i n^nt in u, lb' furface 
svjll be convex an! utitforn b < r\t ’in; bu' if tlie htat has 
been urged, nftei the feeilcr t. 1 h i lo nn d mo an atiinity 
edabiidied bi tween it and the ititluK ( nuf. below^ it will 
only parliall> difapptar in the latter, .irul the head or part of 
the upper end of the ftedcr w'lil be found fulpended in the 
glals that covers the rtcel. 

'I’he lame or fnnilai phenomena lake place in feparating 
crude iron from its ores, when highly carbonated, and dif* 
heult, horn an escels ot cailion, of being fiifid. 

The (livilion of the woolz cake by the mdnufaOurers of 
Hiiulortaii, I apprehend is merely to facilitate its lubfeqiient 
application lo the purpofes of the arlilt ; it may Itrve at the 
fame time as a tefl of the quality ot the* fteei. 


Expfnmcnts tu 
Mlsertain the 
^ompardtiu* 

mnliirr ct 


Toafeertain, by dire 61 expernnert, vslieliier weoizowcd its 
hardneU to an extra quantity ot carbon, the follow ing e\pc- 
nmentR were performed with various poi lions oi v\f)otz of 


rarbon in wootz, ( on>moi1 cafl ftcel, and ol white crude* non, prun Inig that 
l!r Icla ?we"ducM opuralionn with non an I iN oIe^, I ha\e alviays found tl e 


liom lime g'lf,. ( omparative m<^afiircM>l taibtm b. ll .ifc'crlaiiad by the qiiau- 


tily oi lead, which was reduced from flint 


* 1/2 0/A( . Giai'jS. 

I ! igmcnfs of woolz‘ - - - - - t'j 

I’ouiukd flint glafs thr<*e times t»ie weight - 195 

TIjks mixture wasexpo(c*d to a heat .of loO® W<*'gwood, 
aiNi the woofz fiifcd into a w'cll cry flailizcd fpljcnilo oi fleeh, 
A thin crufl oi levivod lead was found below the w^oolz, which 
weighed grains, or „ Ihc wcrghCof wootE* 

» 'Jd Cuke 
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Si9 


2d Cake^ 

• • 

Fragments of vvootz 

Flint glal’s, fame proportion as above 


GrajnSt 

SO 

240 


Experiment to 
afcercjin the 
comparative 

Tliefiition of the mixture in this experiment was produ6tive meatarc of 
of a inafs of lead weighing 10 grains, equal to ylh the weight c.irbwn on wwtx, 

uf lead It reduces 
from flint glafs« 

‘Sd Cake. 


of the wootz. 


Fragments of wootz - - - - - 75 

Flint glafs ------ 22S 

The mafs of lead precipitated beneath the ftcel in this ex- 
periment, amounted to grains, or the weight of the 
wootz employed. 


Ath Cake. 


Fragments of wootz ----- ^3 

Flint glafs ------- 279 

Lead obtained, precipitated from the glafs by means of the 
carbon of the wootz 14j grains, equal to the. weight of 
the wootz. 


bth Cake, 

Fragments of wootz - - - - . 69 

Flint glafs ------ 207 

The lead revivctl in this experiment amounted to 7 grains, 
which is equal to the weight of the wootz. 

€th. Caft Sled funned ivitk part of its Weight of Carbon, 

Fragments - -- -- --90 

Cryftal glafs - -- -- - 270 

Lead revived 8| grains equal to -rots the weight of the 
Reel introduced.* 

7th, White caft Iron dropt vjhile Fluid into JFater, 

Fragments - - - - - - .103 

Cryftal glafs - • - - - - • 309 

The fufton of this precipitated 23 1 grains of lead which is 
equal to the weight of the caft iron. 


VoL, XL — Al’gust, 1S05, 


^Recapitulation 
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Recapitulation of 
thcexpenmcntSr 


Wootz contains 
morcca'bjnthan 

ftecl doe-, and 
lr(v liimi caft 


It* oif iti pro- 
bably Vfiy CX- 
ccllrnu 


Bccapitulation of theft Exptrimems, 

idcukcof v/oolz revived of lead • ,I3l^ 

2tl ditto - - - ,125 

3d ditto - - - ,120 

4lh ditto - - • >156' 

5 th ditto - - - ,102 

Steel containing of* its weight of carbon ,094 

Caft iron - - - - /2‘2S 

It woultl appear to refidt from thefc experiments^ that woolz 
contains a greater propoilion of caibonaceous matter,, than the 
common qualities of caft lied in lids country, and that fonie 
particular cakes approach ccuifidcr.ibly to the nature of caft 
iron. This circuiiiftancc, added to the iiuperfc6l fufton which, 
generally occurs in the formation of woolz, appear to me to 
be <|uite fuflicient to account for its rclraclory nature, and 
uiibomogeneous texture. 

I^^lwithftanding the many imperfeclions with which wootz 
is loaded, it certainly polfelTes the radical principles of good 
ficel, and impieties us with a high opinion of the ore froia 
wl'ich it is lonued. 

The pollelliun of this ore for the fabrication of ftcel and 
bar iron, might to this country be an objefl of the highefi 
importance. At pretenl it is a fubjefl of regret, that fucb a 
fourcc of vscallh cannot be annexed to it» capital and talent. 
\Veiv luch an event pradnablc, then our Eatt India Company 
might, ill tlieir own doitnnions, tu{)ply their ftores with a 
valuable article, and at a much infciior price to any they fend 
from this country. 


.1 Mt/noir on the IVcbs of Spiders, By C. L. Cadet.* 


Oil the luiuij! iJ'iMDERS have often excited the curiofity of naturalifts and 
and n'.c.lical Ir.f- aHenfion of ph)ficians. The former have fuccefsfully ftu- 
tory o. ipidus. llic liabiis and cundudl of ihefe infedts; and notwilh« 
ftanding the repugnance they naturally infpire, thefe accounts 

* Abridged frOlii the Journal de Phyii^ue, LVIIL 463. 



OM spiders’ webs, 

Iiave bccogie mtcreHing, frotn the induftry w'ith which they 
extend Jheir wejjs for fcizing their prey, and lion) obferva- 
lions on the multiplicity and arrangement of l!)«ir c\es, which 
are geometrically difpofed on a molionlefs head, in a manner 
conformable to their necetiilies. Tlieir coinliats the Ijugularily 
of their amours, their fenfibility for mulie, and llieir patience, 
all connilute fubjccls of wonder in the hilivJry ot fpiders, 

Ph}fjcians have examined whether their bile be reai!\ veno- 
mous, as is geneially llioyght ; and they have found only two 
fj>ecies produdlive of danger, namely, the tarantula and avicu- 
laria ot Ca)enne. Sw'annu’idam, Rolii, and Haglivi have 
left us little to wifli for in this matter, as the effedls of their 
bite and the remedies are both knovvn. 

The webs of fpiders are conlidered by the common people S^.iders' web-? ■ 
as a remedy for wounds; country people ollcn apply them on 
cuts or flight w'oiind^, and apparently with fuccefs. This wounJi. 
property was not of* futlicient importance to induce cheinifls 
to analyfe the material ; but as llicre has alfo been attributed 
to them a febrifuge virtue, fuperior in lome circumftanccs to 
the bark, I have thought them entitled to a more, particular 
examination. The following cxtradl is taken from the Journal 
dUlconomic Huralc, for Germinal, in the year XII. 

We have feen upwards ol' thirty years ago, a good prior, N.irrati\e of fc- 
the curate of Batheren in Fianche Comte, cuie all the fevers ''^rscuicd by 
of his parifti, and of the neighbouring villages, by pills of a 
flrange compofiiioii. He went into his barn and lorined 
finall pills with fpiders’ webs, by rolling them between his 
hands in the (late he found them. He adminillered tl.is re- 
medy to his patients in while w'ine, and veiy f Idom failed to 
cure. M. Marie de St, Urfin being chief plixfieian of the 
Hotel de Dieu, of Chartres, treated a vciy obfhnate fever in 
that hofpital. He had employed bitters, the bark, and ail 
llie remedies of Incdical art without fuccefs, wiicn one of the 
female attendants offered to undertake the cafe with a cer- 
tainty of cure. When flie was interrogated concerning her 
remedy, (he refufed to mention it, M. de St. Urfin therefore 
continued to attend hjs patient for fome cla\s; after winch, 
having a good opinion of the atiendant, lie determined to put 
his pklienl under her care. There was no return of the fever 
after the fil'd dofe of the remedy. The phyfician tuppr^ed that 
the imagination of the patient, his confidence in a*new reftiedy, 

U 2 and 
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5upp«)fi'(i to hr 
eO'cdled by gcla* 
tine. 
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and particularly the fecrecy, might have fufpenJed the attack^ 
and he waited, but to no purpnt'e, for its return. The at* 
tendant encouraged by her fuccels c(>nrenlcd to mention the 
remedy, which proved to be llie fame as that of the curate 
of Balheren.” 

The editor <»f the Journal here quoted, being ftruck w'ith 
'the new esperiments of Seguin upon gelatine applied to the 
trcatiiKUit ot intermitting feveis, fufpecls that Ipidcrs' w'ebs 
may contain a principle refcrnbling rninial jelly. The expe- 
riments of Cadet, while they ovcrtlirow' this fuppofition, ap- 
pear to him entitled to the atfeiilion of medical men. 

Kxi^nimcnl 1. Spider^* wcb’i triturated in the cold with 
qiiicL-lime, emit a flight aniim>niacal fmell. Ij. C* old whaler 
l)\ digeflion on the v^(•b‘•, bKcomes of a red-brown colour; 
is nightly jjrct ipitaled by iiduflon of luil-galls ; is precipitated 
by acids ; and this precipitate is again ditlblved when the acids 
are faturated with ammonia. 3, Spidcis* webs cleaned as 
much as polTiblc from du(t and ioreign matters, were boiled 
in diflilled water. I’ln? dccoClion fmellcd like champignons, 
and lathered by agitation. The uiidifTolved matter was boiled 
in additional waters, until it gave out nothing more. All 
tlicfe wateis being put together and evaporated, let fall their 
conte nts in fucceflive pellicles ; and at length, by gentle eva- 
poration, a folid e\(ta(^ w’as iiad, neaiiy equal to Iialf the 
weight oi the Ipidcrs’ webs. 4. The refiduc not ditlblved m 
boiling water, was digefled in alctihol. It gave a very deep 
orange-coloured tincture, which did not lather. Water being 
added, threw dov\'n a grey tlak) precipitate, ot a brown co- 
lour when dry, and little more than one hundred and feven- 
tielli part of the original webs, (^u hot coals it fwelled uj), 
fiiioaked, and took lire ; and from its habitudes in thefe re- 
fpedls, and with the alkalies, it refeniblcd a rclin. The di- 
luted alcoholic folution being then evaporated, afforded a re- 
iidue (lightly deliquelcent, of a tafte at firft fv^eetiQi, and 
afterwards bitter, and in quantity nearly three times that of 
tlie refinous precipitate. The infoluble refidue after this 
treatment with water and alcohol, burned without fwelling 
up, and emitted a fmall quantity of white fumes having the 
fmell of burned wood. Neither the oxigenated muriaiic," nor 
the ful^hureous acids, difcolourcd it. It was foluble with 
effcrvefcence in muriatic acid, which took up I wo- thirds and 

left 
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left a black pade. Ammonia feparated a brown maticr in An»ly<i*of fpl. 
fmall C|uanlity from the clear toJiilion; and llys niaflcr, when 
calcined, did not Jofe its colour. It wasalraoil totally foliihle 
in muriatic acid, and this folutinn ^avc a black precipitate with 
nut-galls, and a blue with alkaline piuHiute. I'iic Iluid to 
which the ammonia had been added, gave a grr\ precipitate 
by pot-alli. This retained its colour when ignited, and was 
again foluble in muriatic acid with elFervercence. C. Cauflic 
pot-afli poured on the refnlue of tpiders* webs prcvioiifly treat- 
ed w'ith water and alcohol, diiengages a little ammonia, and 
partly difToIves the matter. An aeid throws down from this 
Iblulion a black pulvurelent laftclefs precipitate, which tligblly 
putfs up by beat, and leaves by dcficcation a brittle and ajrpa- 
renlly rehnous matter. Its (juantity is about one-tvvellth of the 
t'xhaufled iiiattcr made ule of. Jt is partly foluble in volatile 


7. The aqueous extra6l of No. S being digefted with alco- 
hol, gave out one-feventh part. This alt oholic ex I raft was 
brow'n, confulerably deli(|ue((rnt, and of a fharp tafte. It 
fwelled conliderably on the coals, and at a ccilain period it 
burned rapidly, as if a nitrate were piefent. It elf(jr\’elccd 
britkly w^ith fulpluiric acid, giving out a while vajumr of a 
muriatic fmell, Polafli and lime difeiigaged from this exfraft 
a ftrong ammoniacal Imell, and the vapours were very fehfible 
on the approaeii of muriatic acid. The ext raft having been 
incinerated, appeared by feveral expeninenls to Cf^nlain mu- 
riate of lime and a lulphate. What remained of the ar/ucoiis 
extraft after treatment with alcohol, ^was lefs deep in colour 
than before, had a purvureleiit appearance, aiifl /lightly pun- 
gent tafte. On hot coals it did not /well up, hnt lell a very 
abundant precipitate. Strong /ulpliuric acid poured on this 
extraft produccckno Iciiiihle fmell, and theie was no produc- 
tion of ammonia wlif n it was triturated with quick-lirne. 

8. Spiders* webs (ubjeftt j to dt ftruclive diftillatioii, ga\c 
firft w'ater /lightly coloured, but becoming deeper as the pro- 
cefs went on ; and afterwards a black thick oil, with carbon- 
ated hydrogen and ca*rbonic acid. A very renrif)lc /meil of 
ammonia was dcvciopr-d, and a re/idual coal was left, amount- 
ing to half the matter employed. The coal alter incineration 
left lwo4hirds of its weight, half of which w'a>^ taken »p by 
muriatic acid, and the lemalnder leemcd to be filex and coally 

. mjtlcr« • 
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malter. The muriatic foluliony during evaporation^ depofited 
fulphale of lime. When fpiders' webs were incinerated in an 
open vcffel, the adies were found to contain fulphale of lime, 
muriate of foda, and carbonate of foda. Muriatic acid ap- 
plied to the refidue took up mora fulphale of lime; and when 
this folulion was treated with ammonia and afterwards with 
poUafh, it gave oxide of iron, a little alumine, and feme lime. 
'J'he undlirolvcil part was filex. 

9. Spidv-rs* wrbs weie aliiuitl totahy dlflblved in nitric acid 
amounting to fix times their weight ; carbonic acid and ni- 
trous gas being difengaged. The folulion when evaporated 
let fall cr^flals ot fulphale of lime, and by continuing the 
evaporation, the yellow, bitter, dclicjueltenl matter, which 
Welter calls was a Horded. 

IIci »ce tlic author concludes that fpiders’ webs arc compofed 
of, 1. A brown exlrail foluble m water, and not changeable 
in llie air; 2. A lefnious extiaiH loluble in alcoliol, and very 
delujiKtcenl ; 3, A firall (juanlity of alunuiu! ; 1-. Sulphate of 
lime; .0. Carbonate of foda; 0*. Muriate ot foda; 7. Carbon- 
ate of lime; Iron; U. Silex. I'he author thinks that the 
earths and earthy falls may be derived fiorn the local filuation 
of tlicfe infc61s, and that it is probable that the webs of garden 
fpiders may not afford them. The two conffant products to 
which he demands particular attention, arc thole obtained 
from the aqueous and alcoholic folulions. He thinks it cle- 
firablc to try their medical powers feparalely. fic fuppofes 
the refinous matter to be the fame fubftance as under other 
circumflances forms the fpiders’ filk, and the wax whicli Mr, 
Accum has elfewherc mentioned as one of their products. 


XII. 


Jvfurmation on the Mines and JManafaB tires of the Ecifi Indus, 
and other Subjects, Bj/ J, Machlachlan, /fy. of CuU 
ciUta,* 


Aa’ount of 
I'ome lecciptl 
(qv d>ing. 


SIR, 


Should you tiiink ihe cnclofecl receipts for dvlng tlie 
beauU^I leds of the Coromandel coafl can be of any ufe to 


* foe, Aits, ISOi j for which the fdver medj] wa^ ^iven. 

the 
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Mines ane# manuf actukIls of the east iNofiis. 

tlie dyer^ of the united Britifli kingdom, be pleafid to lay 
iliem Before the Societ\ tor the Eneouragemcnl of Afts, Sci:, 
that they may be p)ubliflicd in l!ic vol line of their Tranf- 
aclions ; if not, 1 (rufl }ou will i?xcu(e my troubling )oii with 
them. They were knt to me from Madras by a lelentific 
friend, who had tiic fever u opeialions detailed in them, per- 
formed in In's own prtiVnee. I forwaided a copy of them, 
and a frnall quant ly of tlic ingretlieiits mentioned in them, to 
a friend at home, levcfal }earsago; but lie d\ ing abmit or 
loon after th*' time of their arrival, I never learne^l a hat be- 
ca.ne of them. It ftrikes me, however, that there is a con- 
tideralile coincidence between the thread procefs and that 
wfiicfi I have feen recommended by Mr. Htmry, of Manchet- 
ter, for dying the Adriaiiople or Turkey red. 

I am not certain wlielhc r it is knov^n at home, that many immenfe quan* 
of the hills in Bubar, and oli.vr parts of India, contain im- "f *■»!« 
meiife (juantilies of mu a, laa , or Mufeovy glafs. The na- hiiSs'JJ Bahar. 
lives of this coiinlr) and China make very fplcndid lunlerns, 
ihade.s, and ornaments d It, tinged of various tanciful colours; 
and it is alfci u(ed l)v them in medicine. When’ burned or 
calcined, it is, I am told, confldered as a fpecific in obflinate 
coughs and confumptions. Wlicn powdered, it ferves to 
filver the Indian paper, &c. ufed in letter-writing; and, in 
fact, it is applied to iiuinberlefs pin pofes. I'ht; bazar price 
of that of the heir quality, Iplil into fluiels of about two lines 
thick, is fix rupees the maund of Hllb, avoirdupois. If it 
could be applied to any ufeful purpofe at home, it might go 
in part ballalt of fhips, and at a tnflmg expenfe. J eiiclole a 
fmall Ipccimcn of it, and am, 

Sir, 

Your very obedient fervant, 

J. MACHLACHLAN. 

CalaUla, Oct, 4, lfi03. 

N. B. The chaya, or red dye root of the CoafI, is, I be- 
lieve, known at home: as alio the cafhaw leaves, which are 
ufed as an aflringent. 

Charles Taylor,^ Efq. 


Dir^ftiona^ 
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In((ruAion9 for 
dying cottons 
bright red by . 
the Indian me- 
Chode 


DireStions for dj/ing a bright Bed, four Ycrds of ^ broad 
Cotton Cloth. 

1 ft. The cloth is to be well waflied and dried, for the pur- 
pofe of clearing it of lime and congee, or ftarch, generally 
ufed in India for bleaching and dretling cloths ; then put into 
an earthen veflel, containing twelve ounces of chaya or red 
dye root, with a gallon of water, and allow it to boil a fliort 
time over the fire. 

2d. The cloth being taken out, wadicd in dean water, and 
dried in the fun, is again put into a pot with one ounce of 
myrabolans, or galls coarfely powdered, and a gallon of dear 
water, and allowed to boil to one half : when cool, add 
to the mixture a quarter of a pint of buffalo's milk. The 
cloth being fully foaled in this, take it out, and dry it in 
the fun, 

3d. Wafli the cloth again in clear cold whaler, and dry it 
in the fun ; then immerfe it into a gallon of water, a quarter 
of a pint of buffalo's milk, and a quarter of an ounce of the 
powdered galls. Soak w’ell in this mixture, and dry in the 
fun. The cloth, at this ftage of the procefs, feeling rough 
and hard, is to be rolled up and beetled till it becomes fofl. 

4th, Infufe into fix quarts of cold water, fix ounces of red 
wood (havings, and allow it to remain fo two days. On thef 
third day boil it down to two-lhirds the quantity, when the 
liquor will appear of a good bright red colour. To every 
quart of this, before it cools, add a quarter of an ounce of 
powdered alum ; foak in it your cloth twice over, drying it 
between each time in the (hade. 

5lh. After three days wafli in clean water, and half dry 
in the fun ; then immerfe the cloth into live gallons of w'aler, 
at about the temperature of 1 20 degrees of Faljrenheit, adding 
,50 ounces of powdered chaya, and allowing the whole to 
boil for three hours ; take the pot oft' the (ire, but let the cloth 
remain in it until the liquor is perfe61Iy cool ; then wring it 
gently, and hang it up in the fun to dry. 

6th. Mix intimately together, by hand, about a pint mea- 
fure of frelh (beep’s dung, with a gallon of cold water, in which 
foak the cloth thoroughly, and immediately take it out, and 
dry it in*ihe fun« 

7lh, 
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7lh. Wadi tHe cloth well in clean water, and fpread it out 

. ^ it . , 1 # 1 • II <1 y I ng cottons 

in the Ian on a fend-bank (v\hich in India is univerlally prf- bright red Uy 

ferred to a grafs-plat) tor fix hours, fprinklin^ it iVom lime to the^lndian mc- 

lime, as it dries, willi clean water; tor ihe purpofe of finifli- 

ing and perfe6ling the colour, which will be of a very fine 

brigiit red. 

J. MACHLACHLAN. 

Calcutta, OB. 4, 1803. 

Charles Tayi.or, *Ercj. 

DireBions for dj/in^ of a beautiful red, eight ounces of Colton 

Thread, 

ift. Put one gallon and a half, by mcafure, of' fiip-wood 
allies, into an earthen pot, with three gallons of wati r, and 
allow tlie nns.turp to remain twenty-tour hours to perledl it 
for ufe. 

2. Put the following articles into an earthen pot, viz. Three- 
quarters of a pint of Gingelly oil; one pint, hy mealarc, of 
flieep’s dung, intimately mixed by hand in ualcr;. two pints 
of the above Icy. — After mixing thefe ingredients well, pour 
the mixture gradually upon the thread into anollu-r vcdfel, wet- 
ting- it only as tlie thread, by being fqueezed and rolled about 
by the hand, imliibes it, continuing to do fo until the whole i% 
completely (oaked up, and allow ihe thread to remain in thix 
Hate until next day. 

3d. Take it up, and pul it in the fun to dry ; then take a pint 
and a half of a(li-le\ , in whicli fquecze and roll the thread well 
and allow it to remain till next day. 

4th. Squeeze and roll it in a like quantity of a(h-Iey, and put 
it in the fun to dry ; when dry, fqueeze and roll it again in the 
ley, and allowjt to ri'main till next day, 

5th. Let the fame procefs be repeated three or four times, 
and intermit till next day, 

6‘tli. Ley the thread once, as the day before, and, when 
well dried in the fun, prepare the following liquor: One gill of 
Gingelly oil ; one pint and a half of afii-ley. — In this fqueeze 
and roll the thread w'ell, and leave it fotill next day. 

7ih. Repeat the procefs of yefterday, and dry the thread in 

■ the fun. 

5 
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8th. The fame procefs to be repealed, 
yth. Firft repeat the aftidey proceli* three or four times, as 
under the operations 3, 4, and 5, and then prepare the follow- 
ing mixture: On pint of flic**p-dung water; one gill ot Gm- 
gelly oil ; one pint and a lialf of afli-ley. — In this fc[uecze and 
roll (he thread well, and dry it in the fun. 

10th. Repeat the Jamc procefs. 


11th. Do. Do. 

12ih. Do. Do. 

13lh. Do. Do. 

1 Uh. Do. Do, 


li»th. Wath the thread in clean water, and fijueeze and 
roll it in a doth until almod dry ; thcMi pul it into a veil'd con- 
taining a gill of powdered chaya roof, one pint by mtafure of 
caflian leaves, and ten pints ol clear water ; in this li(|UGr 
fcjueeze and roll it about well, and allow it to remain lo till 
next day. 

16lh. Wring the thread, and dry it in the fun, and re- 
peat again the whole of the loth procefs. leaving the thread 
lo deep. 

1 7th. Wring it wdl, dry it in the fun, and repeal the fame 
procefs as the day before. 

18th. Do. Do. 

19th. Do. Do. 

20. Wring and dry it in the fun, and with the like quantity 
of chaya root in ten pints of water, boil the thread for three 
hours, and allow it to remain in llie infufioii until rold. 

2 id. Wadi the thread well in dear vi'ater, dry it in the fun, 
and the whole procefs is complete. 


Calcutta, Oa, 4, 1803. 


J. MACLACHL^\X. 
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Scientific news. 

Imperial Academy ff Sciences at Petcrjburi^fu 

TPhI?. Vice Admiral T<*hitcliagofF, Mlniflcr of fhe Alarine Prire of the 
department, lias forwarded to ilic Academy a qiicfilon on die 
refiflance of fluids, and its application to naval avcliiiedlurc, 
for llie foliilion of uliu h that deparlixKMil will bellow a re- 
ward of 1000 ducal s of IIoI!.»nd, or +6'i/. lOy. 

The academy' hein^ <ltlijoiis of feeondiii^ the patriotic 
views of the marine department, decided on the publication 
of a pr(jgram in the following terms. 

Prize pr(»pofed b) the department of the Marine, on the 
Iff of Juiy, ISOi. 

It is prop(>fcd, that (f l!ic two theories of the refiflance of The fnhjc^t. 
fluids n.opofed and apfd.ed Ut irival .ir< liile61are by Don Cj. 

f * * ' thrones i»t the 

Juan, in his IlxA>'i:n Murid/hr, and by M. Romme, In his reriUaocc of 
Art dc In Marine, one or llie uil.cr of them, ft>r example, that • 

of Don Juan fhould be corM’cled and improved to Inch a 
degree, as to afford rtfidts that lliall differ from the refults of 
experiment, by fo fiHaM a <iuantit\, as may be prartlcally 
neglecled vvillioiit lentible <Tror ; — Or olherwife, if lliefe or to rftiblift a 
tlieoiies cannot be coi re cit'd, it is propofed, that a new’ iheory dic^ry j 
(huuld be cflabliflied and applied to naval architc6Iuj c, wliicfi 
fliall lead to conckifioiis of the fame degree of accuracy ; — 

Or otherw'ife, l.iflly, if it flioiild be impoflible to cflablilli ficli or to rfcHuco a 
a theory, it is propofed, that born experiments at leaf!, cx'p^nincm'"' 

fliould be dediii ed a ronriida refembling thole which have been 
given by Meffrs. Holful and Frony ; and fuch that it fliall be 
not only more conlormable to experiments than ihofe formulas, 
but that it fliall lead as nearly as poflible to the conclufions 
drawn from experiments, even when the formule fliall be 
applied to naval aichilc^lure. 

For the fatislatl Ty folLlicui cT this problem the* department O'u* thoufand 

of the maritu' fi.i-' apiJO'Mrd a piizcf)! 1000 Ducats of Holland, 

* * . * , / os* 

and has fixed a temiaof two )CMrs to be reckoned from the 
date of tliiN program. A^^er the expiration of llut term, no 
memoirs addielled to the aciuleni) will be rec*eived on this 
lubje6l, the lime appolnleil being fuffNient for hliofe new 
experiments which the loluiions in queftion render indifpenfa- 
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neceflary. The memoirs forwarded to the academy mu ft 
be written in a diftindl legible charaflcr, eitlier in the French 
Englifh or Ruffian language. 

(Signed in the original) PAUL TCHITCBIAGOFF. 

Terms and con- In the invilalion accompanying this program, the Academy 

dicions for rc- requires men of fcicnce who intend to make application for this 
cciving me- .* . i - , i r r 

mom. prize, to adarefs their memoirs to the perpetual lecrelary ot 

that body, before the I ft of July, 180«'7, and that the writer 
Ihould clear the poft charges as Jar as the regulations of their 
refpefliv e countries will ?diow. The cuftomary mode of mark- 
ing the mernoiis with a device or motto, and fending at the 
* fame time a fcalcd letter, liaviug the fame device, and con- 

taining tlie iiiiiiie and rcfidcnce of the author, is alio to be 
adopted in tlie prefent inflanco. TJie memoirs will be e^i:- 
amined before the expiration of the Ic rm of concurrence, by 
the Department of the Marine and by the Academy; the lat- 
ter of wliom will publifli the judgment they ftiall adopt, and 
the Department of the Marine will crown by the payment 
of the prize, the labours of that author who fliall have fati.^- 
fled the conditions of the program. 


Prize concerning Light, propnfed hy the Imperial Academy of 
Sciences for the Year 1806, 

Prize concerning After an iiilrodudion, in which a concife ftatement is given 
Ight. of two theories refpeding the nature of light, the one afcrlbed 

The ofual the- lo Newton, which fuppofes light to cnnfift in the emanations 
orie* that light of matter from luminous objerl^, airJ the other aferibed to 
deduces the etfeds from vibrations of a peculiar 
sindalation of aolaftic fluid, — they proceed to flalc rather more fully a chemical 
fluid; bypolhefls of Lavoiiier, who not only conflders light as caufed 

—or it is a chc-by a peculiar matter, but alfo that this matter is fuhjefl to the 
mical princspic. atlradlions, fo as by its combinations and difengage- 

ments to produce an extenflve ferics of phenomena, which 
are thus accounted for. It is principally with a view to de- 
velope this laft hypothefis that they have propofed a prize of 
500 roubles (^112 10 0.) 

For the moft inflru6live ferics of new experiments on 
light, confidered as matter; on the properties which may with 
juftlce be aferibed to it; on the affinities which it fliall appear 
lo have with other bodies, whether organic or inorganic, and 


Five hundred 
roijbles, 
^.112 10 o 

The queftion. 
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nn inodificattons and phenomena which arc mnnifefted in 
Ihofc lubflances by virtue of the combinations in wliich the 
matter of light may have centered along with them/' 

After propofing this queftion, the Academy proceeds to ex- Remarks by the 
plain, by obferving that vvilhoul entering into any hiltoiic diU 
culfiony or the obje6lions which have been oppc/cd to this hv- 
polhefis, nor the relearchcs already made witli a view to de- 
velope traces of chemical ai^ion betvvccn*ligliL and bodies in 
llie (lifFercnt modificalions^uf n;.tur:d phenomena, — the eiu|iii- 
ri«.‘s here propofed may not be unufe/ullv extended to the gal- 
vanic fire, of which the dazzling brilliancy when large piles 
are made to a6t upon coaily matters, in fome refped imilales 
the folar light. I'lie Academy has cholcn to enunciate the (iib- 
je6l of their prize in a general way, in order that philofophers 
may not be in any refpecl impeded as to the points of view 
iiorn which they may be difpofed to contemplate and to treat 
r«) (Jiflicidl a fubje^l, which has fcarcely yet been entered upon, 
though fo eminently worthy of attention ftom the cultivators 
of natural fcience. 

The memoirs are to be written either in RuHTian, - French, Confbdom and 
Englitli, German, or Latin, and forwarded to the perpetual 
fccrctary of the Academy, fealed up, with device and indi- 
catory billet, as mentioned with regard to the former piize. 

No memoirs will be received after the .>()lh of April, 180C>, 
incluHve, and the author of tliai memoir which in the judg- 
ment of the Academy fiiall have merited the prize, fiiall be 
proclaimed in the public meeting of the following montii of 
July. The fuccefsi’ul memoir becomes the property of I he 
Academy, and muft not be printed without their formal per- 
miflSon. The other treatifes will be delivered to the rcfpe61ive 
authors, on application to the fecretary, cither pcrfoually or by 
procuration; 


Voyages of .VJcfrs. Humboldt and B o N p l a n d . 

Meffrs. Lcvraulr, Schoell and Company circulated at tlic of , 

beginning of the prefent year a profpedliis of the voyage ol 
MelTrs. Humboldt and Bonplantl, the publication of which is 
committed to them : “ tlie travellers, they obferve, have in 
general re-wriltcii all their obfervaiion*:*, whatever might have 
been the obje£^, in the narrative of their voyage. Mf.^Huni- 
boldt has thought it proper to follow' another courfe, and to 

treat 
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treat feparalely ail Ihofe objecl^j which confll^cr;.bjy clifFtT m 
ihcir naliirc. He has dclerahned accordingly U> publilh in 
defaclied collcflions, all that more particulai I y belongs to 
Aftronomy, Geology, Botany, Zoology, Sic. and his voyage, 
properly Co called, will embrace all that relates to General 
Bhyfics, the Origin of Nations, their Manners, their Inlel- 
]e£lual Culture, Antiquities, Commerce, and iblitical Eco» 
nomy. Upon this part of his obfervations and the hittory of 
Ips voyage, he will not at pretent publidi more than a narra- 
tive, under the title of Udution abrege, &c. or an abridged 
Relation of a Voyage to the Tropics, performed in the inte- 
rior of the new continent during the years 179^, 1800, 1801, 
1802 , and 1 sor3. 

Ills agiecd by Metfrs. Humboldt and Bonpland, who are 
conne6led by the mod intimate fentimenls of friend Hiij), and 
buve (liared together in all (he fatigues and dangers ol this 
voyage, that the wlioic of their publications ihall be in their* 
joint names. The preface to each W'ork wdl announce to 
which of them the fevcral parts are refpeclivcly to be afenbed. 
'J'he iifl of vvoiks fpeedily to appear are as follows: 

1. Tho abridged Relation of the Voyage, in quarto; pro- 
inifed in July, 180j. 

2, A Collection of Agronomical Obfervations and Admea- 
rureinents made on the new continent; promifed in ISO). 

*>. An KlUiy on the Gcograph\ of i’lanls, or a PlnIoroj)hical 
SLclcIi of the Equinocdial Regions; founded on oblervalions^ 
made from (he 18Ui degice of Couth latitude, in the years be- 
lorc inenlloned, with Oi.e large plate, coloured ; piomifed in 
June, 1803. 

4. Lquino6lial Plants, collected in Mexico and the Kle of 
Cuba, in the Provinces of Caracas, Cumena and Barcelona, 
on the Andes of New Grenada, Quito and Peru, and on the 
banks of Rio Negro, Oroonoko and the River of Amazons, 
with plates engraved by StlUcr, in folio; the iirll number to 
appear in April, 1805. 

5. A Colledion of Obfervations of Zoology and compara- 
rative Anatomy, made in a Voyage to the Tropics ; with 
plates engraved by Bouquet, coloured or not, at the option of 
the pnrchaler. The firft number to appear in May. 

jV. B. All Ihefe woiks will bear theogeneral title of Voyage 
^e M. ALwiindie dc llamboldt et difne Bonpland, and will 

form 
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form a colle6lion^of the fame fize and type, except the Equi-* 
nociial Planfs, which are laiger. Subfotpieni notices of the 
price and publication are to appear in the journals. 

Fijh ejecied from Volcanoes, 

AMONG the great number of fa6ls which Humboldt has Volaanic erup. 
collected in his voyage, the following lately comnninlc.itcci fiflits. 

the Nati4)nal Inliitute is very curious. Several vidcanoes of 
the Cfjniilieras of the Andes oecalionally throw out eriiptioi^s 
of iniid mixed with large volumes of fiefli water, and what 
is moll remarkable, an infinite number of filhes. The vol- 
cano of Imbaburo, among others, threw’ out af one lime fo 
great a number near the town of Ibarra, (hat their putrefac- 
tion occalioiud diforders. This phenomenon, aflonilhlng as 
it appears, is not even extraordinary, but, on the contrary, of 
conliderable fi oquency, fo that the fa6ls are authentically pre- 
I’erved in the public regifters, along with Ihofe of earthquakes. 

It is more particularly lingular that ihefe filh arc not at all ii • 
jured, though their ftru^ure is very loft. Tliey do not even 
appear to have been cxpoled to a high temperature;* for the 
Indians affert that they fometiines arrive at the foot of the moun- 
tain fliil living. Thefc animals are fometiines thrown out of 
t/)e mouths of the crater and fometimes through lateral ciefis; 
butalwa\sai the height of 12 or l.‘K)Oloi(es or 1‘athoins above 
the furrouDfiing plains. Humboldt thinks they are produced 
in lakes filiialed at that height within (he enUer ; and it is a 
confirmation of this opinion that the fame fpccics are foinul in 
the brooks whicli run at the foot of the mountains. It iv; (he 
only fpecies which I'ublifts at the height of I lOO toifes. It is 
a new fpecies to naturalifls. Flumboldt niadt; a drawing of it 
on the fpot, and gave it the name of Phndodrus Cyr/npum or 
thrown by the Cychpi. It will be found in the fiift number of 
his Zoology. • 

Water formed by Mechunind Preffure. 

IN a fitting of the Fiencli National Infiiiute at the com- Ccmbultion or 
inencement of the prefent year, M. Biotread a note on 
formation of water by mere rompreflion. The experiaicnl of chjmcal pref- 
forming water out of its component pjrls oxyg’u and hydio- 
gen by. burning thole gafcs by itie eledtrie (park is wei^ known. 

M. Biot has fucceeded in determining this coninnatioi? imie- 
pendently of ele^ricity, by rapidly tompcciling am-x ure of 
• " • ihef 
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(he (wo gafes included in the fyringe of a^i air-gun. The 
compreiTion which forces the particles of gas together^ caufes 
them (o give out a fufficienl quantity of heat to fet 'ihein on 
fire. Some ca'iition is requitiie in repeating this experiment, 
which is not without danger. Out of three limes that M. 
Biot made it, there wrere two in which the brafs cap of the 
pump and the barrel itfelf^ which was iron, were broken i>y 
the cxploiion. 


MallcaJInlity of Zinc, 

Zinc is mallcabte A VERY curious and ufctul dilcovery has been made by 
while heated be- MctTrs. Charles Hobfon and Charles Sylvcfler, both ol Shel- 
tweensio^ iield, that zinc is in fa6la malleable metal. Tiie lammabilily 

" of this metal to a certain confiderable degree, has long been 

known; but it was not fufpc61ed that if is capable of being 
forged and drawn into wire. They have found that at a tem- 
perature between 210® and 300® of Fahrenheit zme yields to 
the hammer, and alfo that it may be wire.drawn or laminated 
by keeping it at this temperature during the mechanical oper- 
ation, An oven or a hollow metallic vclTcl kept at a due heat 
may be ufed for the pieces, in the fame manner as the Smithes 
forge is ufed for iron and ftcel. It appears that zinc, after 
having been thus annealed and wrought, continues (bit, flex- 
ible and extenfible, and does not return to its former partial 
brittlencfs, but may be bended and applied to the ules for 
which zinc has hitherto been tliuught unfit, fiich as (he fabri- 
cation of veflels, the flieathing of fliips, and numerous other 
important applications. I Iiave feen a chafed or (lamped figure 
railed at one ilroke in thin zinc ; which is^ 1 think, as much 
elevated as it could have been in copper.^' 


Palladium, 

Palladjuni. BY a letter from MelTrs. Knight, of Fofter-lane, I am in- 

formed that the new metal, palladium, may be purchafed at 
ilieir warehoufe. 


Irratumcor- Mr. GREGORY begs leave to correft » miflake which 
edlcd. occurs in his paper on horfe-pow'ers, occafioned by his inad- 

vertently copying from fome of his former obfervations on that 
fubje£l the fra£fion J infiead of f for the approximate value of 
the exponent n: this makes a change in the refults of the com- 
putation at page 148 ; for (9 — 3)"^: (9*- 4.4)^: : 130: 80’58, 
or nearly 80| lb. infiead of 7 if, as there given. He alfo 
points out a prefs error at p. 153, where the fymbols of muU 
tiplication in each of the theorems ihould have been figns of 
additionr . ^ 


* The inventors have obtained a patent. 
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